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( I ) 



wherein each syrrtel has the following meaning: 

in 

A ring: a benzene ring or a pyridine ring. 
^ B ring: a nitrogen-containing saturated hetero-ring which may have a sUbstltuent on the nitrogen atom and which 

may have a cross-linking. 

O • s phenyl group which may have a substituent a cydoalkyt or cyctoalkenyl group having 3 to 8 cartx)n atoms or 

a five- or six-membered nitrogen-containing heterocyclic group. 
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X: a single bond or a methylene group. 

Y: a single bond, a cartx)nyl group, a methylene group which may be substituted with a hydroxyl group or a group 
represented by the formula -S(0)^-, and 
i: an integer of 0, 1 or 2. 

They have muscarinic M3 receptor antagonism and are useful as an agent for the prevention and treatment of gas- 
trointestinal diseases, respiratory diseases or urinary diseases. 
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Description 
TECHNICAL FIELD 

This invention relates to medicines, particularly, carbamate derivatives having muscarinic receptor antagonizing 
effects, salts thereof, hydrates thereof or solvates thereof as well as pharmaceutical compositions which contain said 
compounds. 

BACKGROUND ART 



Based on tiie studies on muscarinic receptors so lar made, it is known that a compound having a muscarinic recep- 
tor antagonizing effect induces bronchodilation. gastrointestinal motility repression, gastric ackJ secretion repression, 
dry mouth, mydriasis, bladder contraction repression, hypohidrosis, tachycardia and the like. It is known that muscarinic 
receptors exist in at least tiiree subtypes. Mainly. receptors are present in the brain and the like, and M2 receptors 

IS in the heart and the like and M3 receptors in smooth muscles and gland tissues. 

A number of compounds are known which have affinity for muscarinic receptors. Particularly, atropine (Merck 
Index, 1 1th ed.. p.138) is used mainly as an antispasmodic agent, because it has high affinity for muscarinic receptors 
and blocks their functions. However, since atropine shows its affinity for all of the muscarinic receptor subtypes M^ . M2 
and M3 almost equally and antagonizes non-selectively {Seitai-no Kagaku (Medical Science), 42(5). 381 (1991)). it 

20 causes side effects such as palpitation, dry mouth, nausea, mydriasis and the like which seem to be induced by mus- 
carinic receptor antagonizing effects other than the desired effect. Of these side effects, particular concern has been 
directed toward the improvement of heart-related side effects due to the M2 receptor. 

In recent years, studies are carried out on compounds which antagonize muscarinic receptors selectively. For 
example, the unexamined published British patent application No. 2.249,093 discloses N-substituted piperidin-4-ol 

25 ester derivatives having the following general formula. 

Ri 

R / — \ I 
^ ' ^CHCOO-<^N-C-R» 



R4 



(for the definition of R^ to R5 in the formula, see the above-described published application.) 

However, selectivity of ttiese compounds for muscarinic M3 receptor are not sufficient, and tiiese compounds are 
clearly different from the compounds of the present invention in ternts of tiieir structural characteristics tiiat these com- 
pounds have ester bonds in their basic structures. 
40 As a patent which discloses cart>amate derivatives, an unexamined put)lished Japanese patent application {Kokai) 
No. 4-95071 may be cited. This published patent application discloses compounds having the following general formula 



R 
R 



Y 



(for tiie definition of R, r\ R^, X and Y in the formula, see the above-described published application.) 

Though this patent generally discloses a phenyl group which may have at least one substituent as an example of 
the group R^ in tiie compound represented by the above general formula, Example 13 merely discloses a compound 
which has a 4-biphenylyl group (phenyl group having a phenyl group at tiie para-position as a substituent). 
55 On the other hand, compounds of the present invention are clearly different in view of their structures in which, as 
will be described later as the general formula (I). X and Y which bind to an A ring bind to the cartoon atoms adjacent to 
each ottier on the A ring (namely, Y is always at the ortho-position to X). 

In addition, compounds described atx>ve are disclosed as compounds which have antiamnestic effects and tiie 
muscarinic receptor-related functions are not disclosed, so that tiiese compounds are clearly different from the com- 
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pounds of the present invention also in terms of pharmacological effects. 

In addition, an unexamined published Japanese patent application {Kokai) No. 62-209077 discloses compounds 
represented by the following general formula. 



10 




NH-C-L-Z 



15 (for the definition of L, X. R\ and Z in the formula, see the above-described published application.) 
That is. in the broad definition of the general formula, this patent discloses 



20 




25 

(see the above-described published application for the definition of symbols in the formula) as Z and a moiety which can 
bind to NH group by hydrogen bonding, illustratively C-OR^ (see the above patent for the definition of the symbol in the 
formula), as X. 

As illustrative compounds, it discloses an urea derivative in which Z is 1-azablcyclo[2.2.2]oct-3-yl group and an aro- 
30 matic ring containing X is 2-methoxyphenyl group (Example El 4 in the above-described published application) and a 
carbamate derivative in which Z is 8-methyl'8-azabicyclo[3.2.1]oct-3-yl group and an aromatic ring containing X is 2- 
phenoxyphenyl group (Example E27 in the above<lescribed published application). 

However, compounds of the present invention are clearly different in view of their structures in which Y in the fol- 
lowing general formula are not oxygen atom and 2-methoxyphenyl group or 2-phenoxyphenyl group is not possible as 
35 A ring-Y-R\ Also, compounds described above are disclosed as compounds which have 5-HT antagonistic activity and 
their muscarinic receptor antagonizing effects are not disclosed, so that these compounds are clearly different from the 
conrtpounds of the present invention also in view of pharmacological effects. 

DISCLOSURE OF THE INVENTION 

40 

The inventors of the present invention have canied out extensive studies on compounds capable of showing selec- 
tive antagonizing effects for the muscarinic M3 receptor and succeeded in creating novel carbamate derivatives having 
the following general formula (I) which are possessed of excellent selective antagonizing effects for the muscarinic M3 
receptor, and have accomplished the present invention on the basis of this finding. 
45 Accordingly, the present invention relates to cari>amate derivatives represented by the following general formula (I), 
salts thereof, hydrates thereof or solvates thereof, as well as a muscarinic M3 receptor antagonizing agents comprising 
said compounds or pharmaceutically acceptable salts tiiereof. 



so 




( I ) 



wherein each symbol has the following meaning: 
A ring: a benzene ring or a pyridine ring, 
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B ring: a nitrogervcontaining saturated hetero-rtng which may have a substituent on the nitrogen atom and which 
may have a cross-linking, 

: a phenyl group which may have a substituent a cydoalkyi or cycloalkenyl group having 3 to 8 cartoon atoms or 
a five- or six-men^ered nitrogen-containing heterocyclic group, 
5 X: a single bond or a methylene group. 

Y: a single bond, a cartx>nyl group, a methylene group which may l3e sut)stituted with a hydroxy! group or a group 
represented by the formula -S(0)/-. and 
an integer of 0. 1 or 2. 

10 Preferred exanples of compounds of the present invention are carbamate derivatives or salts thereof in which the 
B ring in the above-descrik>ed general formula (I) are a group represented by any one of the following general formulae 
(lla). (lib) and (lie) 



75 



20 





(Ha) (Hb) 



25 wherein each syn^ol has the following meaning: the same applies hereinafter. 
Z: a group represented by 

(0), ^ ^ 

35 

Z': a group represented liy ^(0)q or ^N*-R® • Q". 
Q': an anion, 

R^: a hydrogen atom, a lower alkyi group, a lower alkenyl group, a lower alkynyt group, a cycloalkyl-lower alkyi 
group, an aralkyi group which may have a substituent, or a lower alkyi group substituted with a heterocyclic group 
AO which has 1 or 2 hetero atoms, which may have a substituent and which may be condensed, 

R^: a lower alkyi group, a lower alkenyl group, a lower alkynyl group, an aralkyi group which may have a substituent 
or a lower alkyi group substituted with a heterocyclic group which has 1 or 2 hetero atoms, which may have a sub- 
stituent and which may be condensed, 

R^: a lower alkyl group, a lower alkenyl group or a lower alkynyl group, 
45 R^: a lower alkyl group, a lower alkenyl group, a lower alkynyl group or an aralkyi group, 

m and n: these may be the same or different from each other and each is an integer of from 1 to 4 (with the proviso 
that m + n means an integer of from 3 to 5), 

p: an integer of from 1 to 3 (with the proviso that m -i- p means an integer of from 3 to 5), 
q:Oor 1, and 

so r. s and t: these may be the same or different from one another and each is an integer of from 0 to 3 (with the proviso 
that r + s + 1 means 2 or 3). 

More preferred ones include cart}amate derivatives or salts thereof in which the B ring is a group represented by 
the general formula (lib), 

55 carbamate derivatives or salts thereof In which the B ring is a group represented by the general formula (lie), 

carbamate derivatives or salts thereof in which R^ is a phenyl group which may have a sUbstituerrt or a f ive-mem- 

bered nitrogen-containing heterocyclic group, or 

carbamate derivatives or salts thereof in which the B ring Is a group represented by the general formula (11a). 

wherein Z is a group represented by the formula 
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40 



4S 



SO 



:N*C^ • Q 



R 



4 



10 in addition, the muscarinic M3 receptor antagonists which contains carbamate derivatives of the present invention 
represented by the aforementioned general formula (I) or salts thereof as active ingredients are muscarinic M3 receptor 
antagonists as drugs for use in the prevention or treatment of various diseases, particularly In which the muscarinic M3 
receptors are concerned, including respiratory diseases such as chronic obstructive pulmonary disease, chronic bron- 
chitis, asthma, rhinitis and the like, urinary diseases such as urinary incontinence, pollakiuria and the lil<e In neurogenic 

15 pollakiuria, neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm. chronic cystitis and the like and gas- 
trointestinal diseases such as irritable bowel syndrome, spastic colitis, diverticulitis and the like. 
The following describes the compound of the present invention further in detail. 

Examples of the group represented by the A ring include benzene ring and pyridine ring, and X and Y bind cart)on 
atoms adjacent to each other on the A ring. That is. Y always binds at the ortho-position for X. 
20 The "nitrogen-containing saturated ring which may have a substituent on the nitrogen atom and may have a cross- 
linking" represented by the B ring is a saturated ring which contains a nitrogen atom In its ring structure as represented 
by the aforementioned general formula (lla), (lib) or (lie). In the B ring of the general formula (lla) or (lib), m 4- n or m + 
p is an integer of from 3 to 5, so that it Is a five- to seven-membered ring. The B ring of the general formula (lie) will be 
described later. 

25 The following illustrates a compound (la^) in which Z Is represented by 

(0). 

30 

and a compound (la^) in which Z is represented by :jN'^(R^)R'^ • Q". with respect to the cases in which the B ring is rep- 
resented by the general formula (lla). Illustrative examples of the B ring represented by the general formula (lla) include 
five- to sev^-membered rings such as a pyn'olidine ring, a plperidine ring and a hexahydroazepine ring. 

35 




n ^(CH2).^(0)o 



Nv^O-<" >N<^ . Q- (laM 



When the B ring Is represented by the general formula (lib) or (lie), a cross-linking is present In the B ring in each 
case. In the general formula (lib), one nitrogen atom and one carbon atom are bridge heads, while two carbon atoms 
are bridge heads in the general formula (lie). When the B ring is represented by the general formula (lib) or (lie), the 
position of the carbon atom which links with the oxygen atom may be any carbon atom on the ring. 
55 The following illustrates a compound (lb"") in which Z' is represented by ^N(0)q and a compound (Ib^ in which Z' is 
represented by ^N'^-R^ •Q', with respect to the cases in which the B ring is represented by the general formula (lib). 
Illustrative examples of the B ring represented by general formula (lib) include five- to seven-membered rings such as 
a quinuclidinyl group, a 1-azabicyclo[2.2.1]heptyl group, a 1-azabicyclo[3.2.1]octyl group and the like, and a brkige 
head carbon atom or a carbon atom adjacent thereto is desirable as the binding position with the oxygen atom. 
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^ J ^(CHJp^NCO). 
^(CH,). 



(lb') 



10 



IS 




H 

^ 5 X-(CH,),^N-R' • Q 
^(CHz). 



( I b' ) 



20 The following illustrates a compound (Ic^) in which Z is represented by 



(O). 

25 



and a compound (Ic^ in which Z is represented by >N'*'(R^)R^ • Q' with respect to the cases in which the B ring is rep- 
resented by the general formula (lie) 



30 



35 




,Y 0 



(CHi). 



( I c • ) 



(CH»). 



40 




The following illustrates the B ring represented by the general formula (lie) in which the total of r. s and t is 3. The 
55 cases in which p is 1 are shown in the left side column, the cases in which p is 2 are shown in the centra column and 
the cases in which p is 3 are shown in the right side column. The cases in which the total of r, s and t is 2 can eUso be 
iilustiated in the same manner. 
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10 



IS 



20 



2S 



30 



rst 
300 



030 



210 



120 



111 



O 



P 

2 

Z. 









35 



201 






40 



45 



50 



The following groups are preferred as the B ring represented by the general formula (Uc). 





Though not particularly limited, illustrative examples of the anion of the quaternary ammonium salt represented by 
'*Q'" include a halogen atom ion. trif luoromethanesuHonate, p-toluenesulfonate. methanesulfonate and the like, and the 
55 halogen atom ion, namely a halide ion (such as a chloride ion, a bromide Ion, an Iodide ion or the like), is particularly 
preferred. Illustrative examples of other anions include inorganic anions such as nitrate Ion, sulfate ion, phosphate ion, 
cartx)nate ion and the like, carboxylate ions such as of formate (HCOO"), acetate (CHaCOO ), propionate, oxalate, 
malonate and the like and amino acid anions such as of glutamic add and the like. In the halide ions described above, 
a bromide ion or an iodide ion is preferred. In this connection, an anion can be converted into another preferred anion 
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by the usual ion exchange reaction. 

The term "lower alkyi group" as used herein means straight or branched alky! groups each having 1 to 6 carbon 
atoms. Illustrative examples of the lower alkyf group Include methyl, ethyl, propyl. Isopropyl. butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl. 1 -methylbutyl, 2-methyibutyl, 1 ,2-dimethy!propyl, hexyl, isohexyl, 1- 
methylpentyl. 2-methylpentyi. 3-methy!pentyl. 1.1-dimethyibutyl, 1 .2-dimethyfbutyl. 2,2-dimethytbutyl. 1 ,3-dimethylbutyl. 
2.3Kiimethylbutyl. 3,3-dlmethylbutyl. 1-ethyIbutyl, 2-ethylbutyl. 1.1,2-trimethylpropyl. 1,2,2-trimethyIpropyl, 1-ethyl-1- 
methylprof^, l-ethyf-a-methylpropyl and the like. Of these groups. alkyI groups having 1 to 4 caxbon atoms such as 
met^rl. ethyl, propyl, Isopropyl. butyl and the like are preferred, methyl and ethyl are more preferat}le, and methyl is the 
most preferable. 

The lower alkenyl group" means straight or branched alkenyl groups each having 2 to 6 cart)on atoms, and illus- 
trative examples thereof include vinyl, propenyl, butenyl, methylpropenyl. ethylpropenyi, dimethytvinyl, pentenyl, meth- 
ytbutenyt, dimethytpropenyl, ethylpropenyi. hexenyt, dimethytbutenyl. methylpentenyl and the like. Propenyl and butenyl 
groups are preferred, and the propenyl group is more preferred. 

The "lower alkynyl group" means straight or branched alkynyl groups each having 2 to 6 cartx)n atoms, and illus- 
trative examples thereof include ethynyl, propynyl, butynyl. methyfpropynyl. pentynyl, methyibutynyl, hexynyl and the 
like. Of these groups, ethynyl and propynyl are preferred and ethynyl is more preferred. 

The term "cycloalkyl-lower all^ group" as used herein means a group in which an optional hydrogen of the afore- 
mentioned lower alkyI group is substituted by a cydoalkyl group, such as cydohexylmethyl. cyclohexytethyl, cyclohex- 
ylpropyl, cyclopentylmethyt and the like, of which cydohexylmethyl and cyclopentylmethyl are preferred. Illustrative 
examples of the "cycloalkyi group" include cydoalkyl groups having 3 to 8 cartx)n atoms, such as cydopropyl. 
cyclobutyl. cyclopentyl. cydohexyl, cycloheptyl. cyclooctyl and the like. Of these groups, cydopropyl, cyclobutyl. 
cyclopentyl and cydohexyl are preferred and cyclobutyl. cydopentyl and cydohexyl are more preferred. 

The "aralkyi group" Is a group derived from the aforementioned "lower alkyI group" by sut>stituting its optional hydro- 
gen atom with an aryl group, and its illustrative examples indude benzyl, phenylethyl, phenylpropyl, 2-phenylpropyl and 
the like of which benzyl and phenylethyl are preferred. The term "aryl group" as used herein means an aromatic hydro- 
caiten group, preferably an aryl group having 6 to 14 carbon atoms. Its illustrative examples indude phenyl, naphthyt, 
indenyl. anthryl and phenanthryl, of which phenyl or naphthyl is preferred. 

The term "aralkyi group which may have a sut}stituent" as used herein means that the aryl moiety of the just 
described aralkyi group may be substituted with one or a plurality of substituent(s). Their illustrative examples indude 
a halogen atom, a cartx)xyl group, a nitro group, a cyano group, a hydroxyl group, a trihalogenomethyl group, a lower 
alkyl group, a lower alkoxy group, a lower alkoxycarbonyl group, a lower acyl group, a mercapto group, a lower alkylthio 
group, a sulfonyl group, a lower alkylsutfonyl group, a sulfinyl group, a lower alkylsulfinyl group, a sulfonamide group, a 
lower alkanesulfbnamide group, a carbamoyl group, a thiocarbamoyl group, a mono- or di-lower alkylcartiamoyi group, 
an amino group, a mono- or di-lower alkylamino group, a pynrolidinyl group, a lower acylamino group, an amkiino group, 
a methylenedioxy group, an ethylenedioxy group, a phenyl group and the like. With regard to the lower alkyl group, it 
may be substituted with one or plural hydroxyl group, a lower alkoxy group, an amino group and a mono- or di-lower 
alkylamino group. 

Examples of the "halogen atom" include fluorine, chlorine, bromine and iodine. When two or more halogen atoms 
are substituted, any conrtbination of these atoms may be used. In addition, when the substituent is a halogen atom, the 
number of substituents is not particularly limited. 

Illustrative examples of the "trihalogenomethyl group" indude trifluoromethyl, trichloromethyl, trit>romomethyl, triio- 
domethyl. dichlorobromomethyl and the like. Of these groups, trifluoromethyl is preferred. 

Illustrative examples of the "lower alkoxy group" include methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy. 
sec-txjtoxy, tert-butoxy. pentyloxy (amyloxy). isopentyloxy, tert-pentyloxy. neopentyloxy. 2-methyIbutoxy, 1,2-dimethyl- 
propoxy, 1 -ethylpropoxy, hexyloxy and the like. Of these groups, lower alkoxy groups having an alkyl group of 1 to 4 car- 
bon atoms such as methoxy, ethoxy, propoxy, knitoxy and the like are preferred, and methoxy and ethoxy are more 
prefen-ed. 

Illustrative examples of the "lower alkoxycar1x>nyl group" indude methoxycartx)nyl. ethoxycartx)nyl. propoxycartx)- 
nyl, isopropoxycartx)nyl. butoxycarbonyl, isdJutoxycartDonyl, sec-butoxycart)onyl, tert-butQxycarl)onyl, pentylQxy(amy- 
loxy)cart3onyl. isopentyloxycartX)nyl. tert-pentyloxycart>onyl. neopentyloxycartx>nyl, 2-methylbutoxycartx>nyl, 1,2- 
dimethylpropQxycart>onyl. 1-ethylpropoxycart>onyl, hexyloxycarisonyl and the like. 

Illustrative examples of the "lower acyl group" indude formyl. acetyl, propionyl. butylyl. valeryl, pivaloyi and the like 
of which formyl. acetyl and propionyl are preferred. 

The term "lower alkylthio group" as used herein means a group in which a hydrogen atom of a mercapto group is 
substituted with the aforementioned lower alkyl group, and its illustrative exanrples indude methylthio, ethytthio, pro- 
pylthio. isopropylthio, butytthio. pentylthio, hexytthio and the like. 

Illustrative examples of the "lower alkylsuHbnyl group" indude methylsuKbnyl. ethylsulfbnyl. propytsuHonyl, isopro- 
pylsulfbnyl. butyisulfonyl. pentylsulfonyl. hexylsulfonyl and the like. 

Illustrative examples of the "lower alkylsulfinyl group" indude methylsulfinyl, ethylsulfinyl, propylsulfinyl. isopropyl- 
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sulfinyl. butylsulfinyl, pentylsulfinyl, hexylsulfinyl and the like. 

Illustrative examples of the "louver alkanesulfbnamide group" include methanesulfonamide. ethanesulfbnamide, 
propanesulfbnamide, isopropanesuifbnamide, butanesulfbnamide, pentanesulfonamide. hexanesullbnamide and the 
like. 

5 The term "mono- or di-lower alkylcarbamoyi group" as used herein means a carbamoyl group in which one or two 
hydrogen atoms of the carbamoyl group are substituted with the aforementioned lower alkyi group, and its illustrative 
examples include methylcarbampyl, ethylcarbamoyl. propylcarbamoyl, dimethylcaibamoyi and the like. 

The term "mono- or di-lower alkylamino group" as used herein means an amino group in which one or two hydro- 
gen atoms of the amino group are substituted with the aforementioned lower alky! group, and its illustrative exanples 

10 include methyiamino, ethylamino, propylamine, dimethylamino, diethylamino, dipropylamino and the like. 

The term "lower acylamino group" as used herein means an amido group in which one or two hydrogen atoms of 
the amido group are substituted with the aforementioned lower acyl group, and its illustrative examples include aceta- 
mido, proplonamido, butanamido. isobutanamido. valeramido. hexaneamldo and the like. 

The term "lower alkyI group substituted with a heterocyclic group which has 1 or 2 hetero atoms, which may have 

IS a substituent and which may be condensed" as used herein means a group in which the aforementioned lower alkyI 
group is substituted with an unsaturated or saturated monocyclic or condensed heterocyclic group. A preferred example 
of said heterocyclic group is a monocyclic or bicyclic unsaturated heterocyclic group having one or two hetero atoms 
selected from an oxygen atom, a sulfur atom and a nitrogen atom. Its illustrative examples include furyl, thienyl. pyrrolyt. 
imidazolyl, pyrazolyl. isothiazolyl, Isoxazolyl, pyridyl, pyrimidinyl, pyridazinyl. pyrazinyl, indolyl, indazolyl, indozinyl, qui- 

20 nolyl, quinazolinyl. quinoliziny). quinoxalinyl. cinnolinyl, benzimidazolyl, imidazopyridyl, benzofuranyl, dihydrobenzofura- 
nyl, naphthylidinyl, 1 ,2-benzolsoxazolyl, benzoxazolyl, benzothiazolyl, oxazolopyridyl, isothiazolopyridyl, benzothienyl 
and the like. Of these groups, furyl. thienyl, pynrolyl, imidazolyl. pyridyl. pyrazinyl, benzimidazolyl, quinolyl, dihydroben- 
zofuranyl and the like are prefen'ed. 

These heterocyclic groups may have a substituent such as a lower alkyI group, an amino group, a nitro group, a 

25 cyano group, a halogen atom, a triphenylmethyl (trityl) group or the like. 

Examples of the substituent on the "phenyl group which may have a substituent" include a halogen atom, a nitro 
group, a cyano group, a trihalogenomethyl group, an amino group, a mono- or di-lower alkylamino group, a hydroxyl 
group, a mercapto group, a lower alkyI group, a lower alkenyl group, a lower alkynyl group, a lower alkoxy group and the 
like. Of these groups, nitro, amino, hydroxyl, lower alkyi and lower alkoxy are preferred. 

30 Illustrative examples of the "cydoalkenyl group" include those which have 3 to 8 cark>on atoms, such as 1 -cyclopro- 
penyl, 2-cyclopropenyl. 1-cyclobutenyl, 2-cyclobutenyl, 1 -cyclopentenyl, 2-cyclopentenyl, 3-cyclopentenyt, 1-cyclohex- 
enyl, 2-cyclohexenyl, 3-cyclohexenyl, 1-cycloheptenyl, 2-cycloheptenyl. 3-cycloheptenyl, 1-cyclooctenyl, 2- 
cydooctenyl, 3-cyclooctenyl, 4-cyclooctenyl. 2,4-cyclopentadienyl, 2,5-cyclohexadienyl, 2.4-cycloheptadienyl. 2.6- 
cydoheptadienyl and the like of which 2-cydopentenyl and 2-cyclohexenyl are preferred. 

35 The term tive- or six-membered nitrogen-containing heterocyclic group" as used herein means a group which con- 
tains at least one nitrogen atom as a ring-constituting atom other than carbon atoms and may also contain another atom 
selected from oxygen and sulfur, and its illustrative examples include saturated heterocyclic groups such as piperidinyl, 
pyrrolidinyl. morpholinyl and the like and aromatic heterocyclic groups such as pyrolyl, pyridyl, thiazolyl. imidazolyl, oxa- 
zolyl and the like, of which piperidinyl and pyrolyl are preferred. 

40 In some cases, the compound (I) of the present invention may contain one or plural asymmetric cartx)n atoms, so 
that it may exist in optical isomers such as the (R) form, the (S) form and the like, as well as in racemates, diastereomers 
and the like, due to the asymmetric carbon atoms. Also, it may exist in geometrical isomer forms such as the (Z) form, 
the (E) form and the like due to the presence of double bond depending on the substituents. Mixtures and separated 
forms of these isomers are induded in the scope of the present invention. 

45 Some members of the compound (I) of the present invention can form salts with acids. Examples of such salts 
include acid addition salts with mineral adds such as hydrochloric add, hydrobromic acid, hydroiodic acid, sulfuric add. 
nitric add, phosphoric acid and the like or with organic acids such as formic acid, acetic add. propionic acid, oxalic add, 
malonic acid, succinic add. fumaric acid, maleic acid, lactic acid, malic acid, dtric add, tartaric add, carbonic add, pic- 
ric acid, methanesulfonic add. ethanesulfonic acid, glutamic acid and the like. In addition, the compound (I) of the 

50 present invention may be isolated as a hydrate, a solvate with ethanol or the like or a polymorphic fonti. 

(Preparation Method) 

The compound (I) of the present invention can be prepared by applying various preparation methods. The following 
55 describes its typical preparation methods. 
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First Preparation Method 




(In the above reaction formula, A ring. B ring, R\ X and Y are as defined in the foregoing.) 

The compound (I) of the present invention can be obtained by effecting condensation of a isocyanate compound 
represented by the genera! formula (HQ with an alcohol compound represented by the general formula (IV). 

This reaction is carried out by stirring the compound (ill) and the compound (IV) In an amount con-idsponding to the 
reaction in an Inert solvent at room temperature to reflux temperature. 

Examples of the inert solvent include dimethylformamide (DMF). dimethylacetamide. tetrachloroethane, dichlo- 
romethane, dichloroethane. chloroform, carbon tetrachloride, tetrahydrof uran. dioxane. dimethoxyethane, ethyl acetate, 
benzene, toluene, acetonitrile, dimethyl sulfoxide and the like, as well as mixed solvents thereof, which may optionally 
be selected depending on various reaction conditions. 

Second Preparation Method 




( 1 ) 

(In the above reaction formula. A ring, B ring. R\ X and Y are as defined in the foregoing, and T'' represents a leaving 
group such as a halogen atom, a lower alkoxy group, a phenoxy group, an imidazolyl group or the like.) 

Method A: The compound (I) of the present invention can be obtained by allowing a compound represented by the 
general formula (V) to react with an alcohol compound represented by the general formula (IV). 

This reaction is carried out by stirring the compound (V) and the compound (IV) in an amount corresponding to the 
reaction in the aforementioned Inert solvent at ice-cooled temperature to room temperature or with heating as occasion 
demands. 

In order to accelerate the reaction, it is desirable to add a Lewis acid (e.g.. aluminum triisopropoxide or tiie like) or 
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a base (e.g.. sodium, sodium irydride, sodium metliQxide. sodium ethoxide, sodium liydroxide, potassium hydroxide or 
the like). 

Method B: The compound (I) of the present Invention can be obtained by allowing a compound represented by the 
general formula (VI) to react wrth a compound represented by the general formula (VII). This reaction is carried out by 
5 the same treatment of the Method A. 

Third Preparation Method 



10 




/Y 0 

30 ( I ) 



35 



40 



(In the above reaction formula, A ring, B ring. r\ X and Y are as defined In the foregoing.) 

The compound (I) of the present invention can be obtained by allowing a compound represented by the general for- 
mula (VIII) to react with an alcohol compound represented by the general formula (IV). 

This reaction is carried out by stirring the compound (VIII) and the compound (IV) in an amount conresponding to 
the reaction in the aforementioned inert solvent with heating. 

In order to accelerate the reaction, It Is desirable to add a base (e.g., sodium, sodium hydride or the like). 



45 



Fourth Preparation Method 



50 




(Id) 



(K) 




( I e ) 



(In the above reaction formula. A ring, R\ R^, X and Y are as defined in the foregoing, B* ring is a ring in which Z In the 
B ring is NH. and T^ Is the aforementioned leaving group or a fbrmyl group.) 

The fourth preparation method is an N-alkylation reaction to prepare a compound which has a lower alky! group, a 
lower alkenyl group, a lower alkynyl group or an aralkyi group as the substituent R^ of its B ring (this reaction is called 
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N-alkylation reaction hereinafter). 

The compound (ie) of the present invention can be obtained by allowing a oonrpound represented by the general 
formula (Id) to react with a compound represented by the general formula (IX). 

This reaction can be effected in accordance with the usual N-alkylcition reaction. 

5 

(1) A case in which tiie compound (IX) is an alky! halide or an alkyi sulfonate: This reaction is carried out by stimng 
the compound (Id) and the compound (IX) in an amount corresponding to tiie reaction in tiie aforementioned inert 
solvent at ice-cooled temperature to heating temperature. In order to accelerate tfie reaction, it is desirable to add 
a base (e.g., an inorganic base such as potassium cartx>nate. sodium cartx)nate or the like or an organic base such 

10 as trietiiylamine or the like). 

(2) A case In which the compound (IX) is an aldehyde: This reaction is a dehydration condensation reaction in 
which the compound (Id) in an amount conresponding to the reaction is allowed to react with an aldehyde. R^-CHO 
(IX), and a reducing agent. By this alkylation, not the compound N-R^ shown in the aforementioned reaction for- 
mula but a compound N-CH2-R^ is formed. 

IS 

As the reducing agent, sodium borohydride, sodium cyanoborohydride. sodium triacetoxy borohydride or tiie like is 
used. This reaction is carried out by stirring the reaction materials in an alcohol or the aforementioned inert solvent at 
Ice-cooled temperature to heating temperature (under reflux). Alternatively, it may be effected by carrying out catalytic 
hydrogenation under normal or high pressure in the presence of a catalyst such as palladium-cartxsn. platinum oxide or 

20 the like. 

Fiftii Preparation Metiiod 

A memt>er of the compound of the present invention in which R^ of ttie B ring is a hydrogen atom is prepared from 
25 another member of the compound of the present invention in which R^ is an aralkyl group which may have a sut>stituent 
or a lower alkyl group substituted with a heterocyclic group which has 1 or 2 hetero atoms, which may have a sut>stituent 
and which may be fused. In one preparation method, the compound of the present invention whose R^ is the aforemen- 
tioned substituent and a chloroformic acid ester (e.g.. 1-chloroethyl chloroformate) in an amount corresponding to tiie 
reaction are stirred in an inert solvent at room temperature to heating temperature and then subjected to generally used 
30 solvolysis. In anotiier preparation metiiod, the compound of tiie present invention in which the aforementioned R^ is a 
benzyl group which may have a substituent is subjected to usual hydrogenation reaction in the presence of a catalyst 
(such as pailadium-cart>on, platinum oxide, palladium hydroxide or the tike). 



40 



45 



so 
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10 



IS 



20 



25 



30 



3S 




or 



(If) 



-Q yHi R»-Q (XI) 

(R*) 




-0N 



or 




( I g) 



(In the above reaction formula. A ring, B ring, R\ R^, R^, R^, X, Y and Q are as defined in the foregoing.) 

In this preparation method, a quatemary ammonium compound (lg)» namely a compound in which the B ring of the 
compound of the present invention has a group of the formula 



40 



45 



or the formula ^N^-R^ • Q" as Z or Z, is prepared by the N-alkylation reaction of a compound (If) in which the amine of 
the B ring of the present invention is a secondary or tertiary amine. In this connection, the compound (If) is a compound 
represented by the general formula (la^), (lb**) or (Ic^) (provided that q ^ 0), and the compound (Ig) is a compound rep- 
resented by the general formula (la^), (Ib^) or (Ic^). When the compound (If) is a secondary amine, the quaternary 
ammonium compound (Ig) is obtained by allowing 1 mol of the compound (If) to react with at least 2 mols of an alkyla- 
tion agent (XI). 

This reaction is carried out by stin-ing the compound (If) and an alkylation agent (XI) in an amount corresponding 
to the reaction in an Inert solvent such as dimethylfomiamide, chloroform, benzene, 243utanone. acetone, tetrahydro- 
furan or the like, at ice-cooled temperature to room temperature or with heating as occasion demands. 

Exanples of the alkylation agent include a lower alkyi halide, a lower alkyl-trifluoromethanesulfonate. a lower alkyi- 
p-toluenesulfonate, a lower alkyl-methanesulfbnate and the like. Prefenred of these is a lower alkyl halide. 



50 
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10 




Oxidation 




(If) 



( I h) 



IS 



20 




V' 



( I i ) 



Oxidation 




SWe 0 
( I j ) 



25 



30 



(In the above reaction formula, A ring, B ring, R\ X and Y are as defined in the foregoing.) 

In this preparation method, an N-oxide conrpound (Ih) or a sulfoxide or sulfbne compound (Ij) is obtained by oxidiz- 
ing a compound in which the amine of the B ring of the compound of the present invention is a tertiary amine (If) or a 
sulfide compound (li). 

This reaction is carried out by stirring the conpound (tf) or (li) and its corresponding or excess amount of an oxidiz- 
ing agent in an inert solvent such as chloroform, dichloromethane or the like, an alcohol such as methanol, ethanol or 
the like, water or a mixed solvent thereof, at ice-cooled temperature to room temperature or at heating temperature as 
occasion demands. 

Examples of the oxidizing agent include organic peracids such as m-chloroperbenzoic acid and the like, sodium 
periodate, hydrogen peroxide and the Wke. 



Eighth Preparation Method 



35 



40 



45 



SO 



55 




N^O -^T^- Alk -^D^ 




CN 



0 

( I i ) 



0 - Al k ^^D^ 



0 

( I j ) 



NH 
il 

C-NH, 



(In the above reaction formula, A ring, B ring, R\ X and Y are as d^lned in the foregoing, Alk means the lower alkyi 
moiety of the aralkyi group of or and D ring means the aryl moiety.) 
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This preparation method is for use in the preparation of a compound which has amidino group as the substituent of 
the aryl moiety of aralkyi group which may have a substituent. That is» a compound (Ij) having amidino group can be 
synthesized by the following method (i). (ii) or (iii)- 

5 (i) A method in which nitrile is converted into Imidate and then condensed with amine 

A nitrile compound (ii) is allowed to react with an alcohol such as methanol, ethanol or the like at •40''C to O'^C 
in the presence of hydrogen chloride gas to convert it into Imidate which is subsequently allowed to react with 
ammonia, or an amine or an ammonium salt such as ammonium carbonate, ammonium chloride, ammonium ace- 
tate or the like. As the solvent, methanol, ethanol, acetone, tetrahydrofuran or the like may be used. 

10 (ii) A method in which nitrile is converted into thioamide and then into thioimidate which is then condensed with 
amine 

The nitrile compound (Ii) is allowed to react with hydrogen sulfide in the presence of an organic base such as 
methylamine, triethylamine, pyridine, picoline or the like, thereby obtaining a thioamide compound. The thioannide 
compound can also be obtained by allowing O.O-diethyl dithiophosphate to react with the nitrile compound (II) in 

15 the presence of hydrogen chloride. 

The thioamide compound is allowed to react with a lower alkyi halide such as methyl iodide, ethyl iodide or the 
like to convert it into thioimidate which is subsequently allowed to react with ammonia, or an amine or an ammo- 
nium salt such as ammonium carbonate, ammonium chloride, ammonium acetate or the like. As the solvent, meth- 
anol, ethanol, acetone, tetrahydrofuran, ethyl acetate or the like may be used. 

20 (iii) A method in which amine, ammonium salt, metal amide and Grignard's reagent are directly added to nitrile 

In an appropriate solvent or with no solvent, to the nitrile compound (Ii) are added various reagents such as 
ammonia, ammonium chloride and ammonia, ammonium thiocyanate, alkyI ammonium thiocyanate, MeAI(CI)NH2. 
NaNHg, (CH3)2NMgBr and the like, thereby effecting synthesis of the compound of Interest. As the solvent, chloro- 
form, methanol, ethanol. acetone, tetrahydrofuran, toluene, dimethyKbrmamide or the like may be used. In some 

25 cases, the reaction may be markedly accelerated when a base such as sodium hydride or the like or an acid such 
as aluminum chloride, p-toluenesulfonic acid or the like is used as a catalyst. The reaction can be carried out at 
cooling tenperature to room temperature or at heating temperature. 

(Other Preparation Methods) 

30 

A member of the compound of the present invention in which the aryl moiety of the aralkyi group which may have 
a substituent is an aminophenyt group is prepared from another member of the compound of the present Invention in 
which said aryl moiety is nitrophenyl group. In one preparation method, the compound of interest Is obtained by sub- 
jecting the compound of the present invention in which said aryl moiety is nitrophenyl group to hydrogenatlon reaction 

35 at room temperature or a heating tenperature In the presence of a catalyst (for example, Raney nickel, palladium-car- 
bon, palladium, platinum oxide, palladium hydroxide or the like). In another preparation method, the compound of inter- 
est is obtained by subjecting the compound of the present invention in which said aryl moiety is a nitrophenyl group to 
reduction which is carried out in an active solvent in the presence of a reaction corresponding amount of a metal such 
as iron powder, tin. zinc or the like at Ice-cooled temperature to room temperature or at a heating temperature as occa- 

40 sion demands. 

A member of the compound of the present invention in which Y is methylene group substituted with hydroxy! group 
is produced from another compound of the present invention in which Y is cariDonyl group. That is, it can be obtained 
by subjecting the cartx)nyl group-containing compound of the present invention to a reduction reaction which is carried 
out in an active solvent such as an alcohol or the like in the presence of a reducing agent such as sodium borohydride 
45 or the like at a cooling temperature to room temperature. 

When the compound of the present invention is produced, protection of functional groups will be required in certain 
cases. In that case, it can be prepared in the usual way by adding appropriate deprotection procedures. 

The resulting compound of the present invention is isolated and purified as its free form or a salt thereof by carrying 
out generally used salt forming treatment. Isolation and purification are carried out by employing usual chemical proce- 
50 dures such as extraction, concentration, evaporation, crystallization, filtration, recrystallization, various types of chro- 
matography and the like. 

INDUSTRIAL APPLICABILITY 

55 The compounds of the present invention have affinity and selectivity for muscarinic M3 receptors and are useful as 
M3 receptor antagonists for use in the prevention or treatment of various M3 receptor-related diseases, particularly res- 
piratory diseases such as chronic obstructive pulmonary disease, chronic bronchitis, astiima, rhinitis and the like, uri- 
nary diseases such as urinary incontinence, pollakiuria and the like in neurogenic pollakiuria, neurogenic bladder, 
nocturnal enuresis, unstable bladder, cystospasm, chronic cystitis and the like and gastrointestinal diseases such as 
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irritable bowel syndrome, spastic colitis, diverticulitis and the like. 

Particularly, the compounds of tiie present invention have higher selectivity for tiie M3 receptors which exist in 
smooth muscles, gland tissues and the like, over tiie M2 receptors which exist in the heart and tiie like, so tiiat they are 
highly useful as an M3 receptor antagonists which hardly cause side effects in the heart and the like, especially as pre- 
5 ventive or tiierapeutic drugs of chronic bronchitis, asthma, rhinitis, the aforementioned urinary incontinence and pollak- 
iuria. inritable bowel syndrome, chronic obstructive pulmonary disease and the like. 

Affinity of the compound of the present invention for muscarinic receptors and its antagonism were confirmed by 
the following tests. 

10 Muscarinic receptor binding test 

a. Preparation of membranes 

Heart and submandibular gland were separately excised from each of Wistar male rats of 200 to 350 g in 
weight (purchased from Nippon SLC), mixed with 5 volumes of 20 nriM HEPES buffer containing 100 mM sodium 

IS chloride and 10 mM magnesium chloride (pH 7.5, to be referred to as HEPES buffer hereinafter) and homogenized 
under ice-cooling. This was filtered tiirough a gauze, subjected to 10 minutes of ultracentrifugation at 50.000 x g 
and at and the resulting pellets was suspended in HEPES buffer and again subjected to 10 minutes of ultra- 
centrifugation at 50.000 X g and at 4'>C. The resulting pellets were suspended in HEPES buffer and preserved at - 
SO^C. The following tests were carried by thawing out ttie resulting samples when used. 

20 b. Muscarinic M2 receptor binding test 

This test was carried out by modifying tiie method of Doods et al. (J. Pharmacol. Exp, Then, 242. 257 - 262, 
1987). Heart membranes. [^H]-quinuclidinyl benzilate and each conpound to be tested were incuk>ated in 0.5 ml of 
HEPES buffer at 25''C for 45 nrtinutes and then mixed with 5 ml of HEPES buffer and filtered using suction tiirough 
a glass filter (Whatman GF/B). and the filter was washed three times with 5 ml of HEPES buffer. Radioactivity of 

25 [^H]<|uinuclidinyl benzilate absorbed in the filter was measured with a liquid scintillation counter. In ttiis case, non- 
specific binding was determined by adding 1 ]xM of atropine. Affinity of the compounds of the present invention for 
muscarinic M2 receptors was obtained as a dissociation constant (Ki) calculated from the concentration of each test 
compound which inhibits 50% of binding of the labeled ligand [^HJ-quinudidinyl benzilate (IC50) in accordance with 
the method of Cheng and Prusoff {Biochem. Pharmacol,, g2. 3099, 1073). 

30 c. Muscarinic M3 receptor binding test 

This test was carried out by the same method of the just described in the muscarinic M2 reenter binding test, 
except that submandibular gland membranes were used and [^H]-N-methylscopolamine was used as the labeled 
ligand. 

35 Results: Tat>le 1 shows results of the above tests canried out using typical examples of ttie compound of the present 
invention. As Is evident from Table 1 , the compounds (I) of the present invention have Ki values of 10"® to 10"^° M for 
M3 receptors, thus showing higher binding ability than the case of M2 more than 10-fold. 



Table 1 



Example Na 


Ki(nM) 


M2/M3 




M2 binding Test 


M3 binding Test 




1 


25.9 


0.94 


27.6 


2 


100 


4.89 


20.4 


3 


14.4 


0.56 


25.7 


4 


5.89 


0.39 


15.2 


7 


14.7 


0.57 


25-8 


Comparative Example 








Compound A 


400 


95 


4.2 


Atropine 


0.98 


0.39 


2.5 


Compound A: compound (1) disclosed in GB 2249093 
Atropine: Merck Index (11th ed., p. 138) 
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Muscarinic receptor antagonism test (in wVo) 

a. Test on bronchospasm in guinea pig 

This test was carried out in accordance with the method of Konzett et aL (Arch. Exp. Path. Pharmak., 195. 71 

5 - 74. 1940). Under urethane anesthesia (1 .5 g/kg. i.p.). a cannula was inserted into the trachea of a Hartley male 

guinea pig (400 - 700 g) and connected to a ventilator. In order to stop spontaneous respiration, gallamine was 
administered (2 mg/kg, i.v.). Bronchospasm was measured using Bronchospasm Transducer manufactured by Ugo 
Basile. After twice inducing reproducible bronchospasm by administration of methacholine (5 ^g/kg, i.v.), each 
compound to be tested was administered through a catheter indwelt in the external jugular vein and, 3 minutes 

10 thereafter, bronchospasm was again induced with methacholine. By calculating inhibition ratio of bronchospasm by 
administration of each compound to be tested, a dose of the compound which inhibited 50% of bronchospasm 
before its administration was calculated as an ID50 value. 

Results: The values of typical compounds are shown In Table 2. The compound (I) of the present invention 
showed excellent ID50 values. 

15 



Table 2 



Example 
No. 


Bronchospasm Test 
ID50 (mg/kg i.v.) 


1 


0.0045 


3 


0.0038 


4 


0.0082 


7 


0.0054 


Atropine 


0.00080 



30 b. Test on rhythmic bladder contraction in rat 

Under urethane anesthesia (1.0 g/kg, s.c), bilateral ureters of each of Wistar female rats (140 - 200 g) were 
iigated just distal to the kidneys. Rhythmic bladder contractions were induced by injecting 0.5 to 1 ml of physiolog- 
ical saline into the bladder through a catheter transurethrally indwelt in the bladder, and intravesical pressure was 
measured using a pressure transducer. After observing stable rhythmic contractions for 5 minutes or more, each 

35 compound to be tested was cumulatively administered into the external jugular vein, and intravesical pressure was 
measured from 5 to 10 minutes after administration. By calculating Inhibition ratio of peak bladder contractions by 
administration of the compound to be tested, a dose of the compound which inhibited 30% of the peak bladder con- 
tractions before Its administration was calculated as an ED30 value. 

Results of typical compounds are shown in Table 3. The compound of the present Invention showed excellent 

40 ED30 values. 

c. Test on salivary secretion in rat 

Male Wistar rats (6 weeks of age) were anesthetized with urethane (0.8 g/kg, i.p.). Rfteen minutes after the 
administration of each compound to be tested (a solvent for control group), oxotremorine was administered at a 
dose of 0.8 pimol/kg. Each drug was administered through the femural vein. Saliva secreted during 5 minutes after 

45 the administration of oxotremorine was recovered and weighed. By calculating Inhibition ratio of the amount of 
seaeted saliva in the control group, a dose of the compound which inhibited 50% of the amount of seaeted saliva 
In the control group was calculated as an ID50 value. 

Results: The value of typical compounds are shown in Table 3. The ID50 values of atropine and oxytHJtynin were 
50 similar to the ED30 values of the aforementioned rat rhythmic bladder contraction test, while ID50 values of the com- 
pounds of the present Invention were 5 to 10 times lower than the aforementioned ED30 values, thus showing their rel- 
atively weak action on salivation. 



55 
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Tables 



Example 
No. 


Rhythmic Bladder Contraction 
Test ED30 (mg/kg i.v.) 


Salivary Secretion 
Test ED50 (mg/kg i.v.) 


2 


0.018 


0.11 


4 


0.014 


0.10 


15 


0.058 


0.36 


61 


0.029 


0.14 


Atropine 


0.009 


0.0084 


Oxybutynin 


0.24 


0.18 



As the results of the above muscarinic M3 receptor affinity test and muscarinic M3 receptor antagonism test {in 
vivo), the compounds (I) of the present Invention showed selective and high affinity for M3 receptors and excellent mus- 
20 carinic M3 receptor antagonism against in vivo rhythmic bladder contraction and bronchospasm. In consequence, it was 
confirmed that the compounds (i) of the present Invention antagonize the muscarinic M3 receptor selectively. In addi- 
tion, it showed less side effects such as dry mouth and the like which are common with conventional anticholinergic 
drugs. 

A pharmaceutical composition which contains at least one member of the compound of the present invention or 
25 salts thereof as the active ingredient is prepared using carriers, excipients arid other additives commonly used for the 
preparation of medicines. 

As the canrlers and excipients for pharmaceutical preparation use. solid or liquid nontoxic pharmaceutical materials 
may be used. Their Illustrative examples include lactose, magnesium stearate, starch, talc, gelatin, agar, pectin, acacia, 
olive oil. sesame oil, cacao butter, ethylene glycol and other generally used materials. 

30 The preparation of the present invention may be administered either by oral administration In tiie dosage form of 
tablets, pills, capsules, granules, powders, solutions and the like or by parenteral administration in the dosage form of 
injections such as intravenous injection, intramuscular injection, or the like, suppositories, ta^ansdermal absorption prep- 
arations, inhalations, intravesical injections and the like. Though the dose is optionally decided in individual cases, tak- 
ing symptoms of the disease and age, sex, and the like of each patient into consideration, it may be within the range of 

35 generally from 0.05 to 1 00 mg per day per adult In the case of oral administration, and the daily dose may be used once 
a day or by dividing it into 2 to 4 doses a day. When the preparation is intravenously administered depending on the 
symptoms, it may be administered generally witfiin tiie range of from 0.001 mg to 10 mg per adult per day. once a day 
or by dividing tiie daily dose into several doses a day. 

The solid composition of the present invention for oral administration use may be used in the dosage form of tab- 

40 lets, powders, granules and the like. In such a solid composition, at least one active ingredient Is mixed witii at least one 
Inert diluent such as lactose, mannitol. glucose, hydroxypropylcellulose, microcrystalline cellulose, starch, polyvinylpyr- 
rolidone, magnesium metasilicate aluminate or the like. In the usual way. the composition may contain additives other 
than the inert diluent, for example, lubricants such as magnesium stearate and tiie like, disintegrators such as calcium 
cartxMymetiiylcellulose and the like, stabilizers such as lactose and the like, and solubilizers such as glutamic acid, 

45 aspartic acid and the like. As occasion demands, tablets or pills may be coated witii a gastric or enteric film such as of 
sucrose, gelatin, hydroxypropylcellulose. hydroxypropylmethylcellulose phthalate or the like. 

The liquid composition used for oral administration Includes pharmaceutically acceptat>le emulsions, solutions, 
suspensions, syrups, elixirs and the like and contains generally used inert diluents such as purified water, ethanol and 
the like. In addition to the inert diluent, this composition may also contain auxiliary agents such as a nrx)istening agent, 

50 a suspending agent and the like, sweeteners, flavors, aromatic agents, antiseptics and the like. 

Injections used for parenteral administration Include aseptic aqueous or non*aqueous solutions, suspensions and 
emulsions. Examples of the aqueous solutions and suspensions include distilled water for Injection use and physiolog- 
ical saline. Examples of the non-aqueous solutions and suspensions include propylene glycol, polyethylene glycol, 
plant oils such as olive oil and the like, alcohols such as ethanol and the like and Polysort^ate 80. Such compositions 

55 may further contain auxiliary agents such as antiseptics, moistening agents, emulsifying agents, dispersing agents, sta- 
bilizing agents (e.g.. lactose), solution akis (e.g., glutamic acid and aspartic acid) and the like. These conposltions are 
sterilized for exanpte by bacterial filtration, blending of bactericides or irradiation. Alternatively, a sterile solid composi- 
tion prepared in advance may be used by dissolving it in sterile water or a sterile solvent for injection use prior to Its use. 
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BEST MODE FOR CARRYING OUT THE INVENTION 



Examples of the present invention are given below by way of illustration. The compounds of the present invention 
are not limited to the compounds described in the following examples, and not only the compounds represented by the 
5 aforementioned general formula (I) but also salts thereof, hydrates thereof, solvates thereof, geometrical and optical 
isomers thereof and polymorphic forms thereof are alt Included In the present invention. 

Reference Example 1 



75 




20 

Under ice-cooling. 3.28 g of methyl chloroformate was added dropwise to 50 ml of a dichloromethane solution contain- 
ing 5.02 g of 1-(2-amlnophenyf)pyrrole and 3.83 g of triethylamine for 5 minutes, and the resulting mixture was stirred 
overnight at room temperature. Under ice-cooling. 3.83 g of triethylamine was added, and 3.28 g of methyl chlorofor- 
ms mate was added dropwise thereto for 5 minutes and then the resulting mixture was stirred at room temperature for 6 
hours. Again, under ice-cooling. 3.83 g of triethylamine was added, and 3.28 g of methyl chloroformate was added drop- 
wise tiiereto for 5 minutes. Then, the resulting mixture was stirred overnight at room temperature. The reaction mixture 
was mixed with 100 ml of water, the resulting organic layer was separated and dried over anhydrous magnesium sulfete 
and then the solvent was removed under reduced pressure. The resulting residue was purified by silica gel column 
30 chromatography (hexane/ethyl acetate = 4/1) to give 1 .34 g of 1 ,3-bis[2-(1 H-pyrrol-1 -yl)phenyl]urea as colorless solid. 

Infrared absorption spectrum Vf^^x (KBr) cm'^ 3320, 1662. 1550 
Nuclear magnetic resonance spectrum (CDCI3, internal standard) 

6: 6.30 (4 H. dd. J = 2.5 Hz. 1 .8 Hz). 6.46 (2 H. s). 6.71 (4 H, dd, J = 2.4 Hz. 1.9 Hz), 7.10 ■ 7.16 (2 H. m). 7.20 - 
35 7.26 (2 H. m). 7.32 - 7.38 (2 H. m), 8.04 (2 H. d. J = 7.3 Hz) 

The following compound was obtained In the same manner as described in Reference Example 1 . 

Reference Example 2 

40 



45 




1.3-6is[2-(2-cyclohexen'1-y1)phenyl]urea Starting compounds: 2-(2-cyclohexen-1-yl)aniline, ethyl chloroformate 

Mass spectrum data (m/z, FAB): 373 (M+ + 1) 
55 Nuclear magnetic resonance spectrum (DMSO-de, TMS internal standard) 

6: 1 .35 - 1 .50 (2 H, m), 1 .50 - 1 .75 (4 H. m). 1 .90 - 2.20 (6 H, m), 3.65 - 3.75 (2 H. m). 5.63 (2 H. dm, J = 10.3 Hz). 
5.94 (2 H. dm. J = 10.3 Hz). 7.00 - 7.20 (6 H. m), 7.55 - 7.65 (2 H, m). 8.18 (1 H. s) 
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Example 1 

A 2.89 g portion of diphenylphosphoryl azide was added dropwise at room temperature to 50 ml of a toluene solu- 
tion containing 1 .98 g of 2-biphenylcarboxyIlc acid and 1 .11 g of triethylamine. followed by stirring at 60^0 for 1 .5 hours. 

5 Next 1 .27 g of 3-quinuclidinot was added, followed by heating under reflux for 6 hours. The reaction mixture was cooled 
to room temperature and washed with water, saturated sodium bicartx)nate aqueous solution, water and brine, and the 
resulting organic layer was dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure. 
The resulting residue was purified by silica gel column chromatography (chloroform/hnethanot = 9/1) to give 2.47 g of 3- 
quinudidinyl N-(2-biphenylyl)cart)amate as colorless solid. This was dissolved in 30 ml of ethanol and mixed with 4 ml 

10 of 4 N hydrogen chloride-dioxane solution, the solvent was removed under reduced pressure and then the residual solid 
was recrystallized from isopropanol-diethyl ether to give 2.23 g of 3-quinuclidinyl N-(2-biphenylyl)cart)amate monohy- 
drochloride as colorless aystals. 

Melting point: 137 - 138«C (i-PrOH-EtgO) 

IS 



Elemental analysis (for C20H23N2O2CI • O.8H2O): 




C(%) 


H(%) 


N(%) 


Cl(%) 


Calcd. 
Found 


64.35 
64.38 


6.64 
6.62 


7.50 
7.36 


9.50 
9.50 



25 

Example 2 

A 30 mg portion of sodium hydride (60% in mineral oil) was added to a solution of 30 ml toluene and 1 ml dimeth- 
ytformarrade containing 1.00 g of 1.3-bis[2-(1H-pyrrol-1-yf)phenyl]urea and 1.05 g of 3-quinuclidinoL and the resulting 

30 mixture was heated under reflux for 6 hours. After cooling, this was diluted with 30 ml of ethyl acetate, then washed with 
water and the organic layer was dried over anhydrous magnesium sulfate. After removal of the solvent under reduced 
pressure, the resulting residue was purified by silica gel column chromatography (chloroform/methanol = 9/1) to give 
0.58 g of 3-quinuclidinyt N-[2-(1 H-pyrrol-1-yl)phenyl]carbamate as pale yellow oil. This was dissolved in 5 ml of ethanol 
and mixed with 1 ml of 4 N hydrogen chloride-ethyl acetate solution and then the solvent was removed under reduced 

35 pressure. The resulting residue was recrystallized from ethanol<liethyl ether to give 0.35 g of 3-quinuclidinyl N-[2-(1 H- 
pyn'0l-1-yl)phenyl]cart>amate monohydrochloride as colorless crystals. 

Melting point: 183 - 185»C (EtOH-EtgO) 

40 



Elemental analysis (for C18H22N3O2CI •O.2H2O): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


61.52 
61.59 


6.42 
6.37 


11.96 
11.95 


10.09 
10.36 



so Exanple 3 

A 0.16 ml portion of methyl iodide was added to 5 ml of a 2-butanone solution containing 0.46 g of 3-quinuclidinyl 
N-(2-biphenylyl)cari3amate. and the mixture was stirred for 5.5 hours at room temperature and then overnight below 
5''C. The resulting precipitated crystals were collected by filtration and washed with diethyl ether to give 0.58 g of 3-[[N- 
55 (2-biphenylyl)cart>anrx>yl]oxy]-1 -methylquinudidintum iodide as pale yellow crystals. 

Melting point: 220 - 22VC (2-butanone) 
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Elemental analysis (for C21H25N2O2I): 




C(%) 


H(%) 


N(%) 




Calod. 
Found 


54.32 
54,16 


5.43 
5.43 


6.03 
5.89 


27.33 
27.36 



Example 4 

A 3.10 g portion of diphenyiphosphoryi azide was added dropwise at room temperature to 30 ml of a toluene solu- 
15 tion containing 2.00 g of 2-biphenylcarboxylic acid and 1.22 g of triethylamine. and the reaction mixture was stin-ed at 
SO^'C for 20 minutes. And then, this was mixed with 10 ml of a dimethylfbrmamide solution containing 4.00 g of 4<|uinu- 
clldinol * p-toluenesulfonate and 1 .50 g of triethylamine. followed by heating under reflux for 3 hours. After air-cooling, 
30 ml of ethyl acetate was added, followed by washing with water twice. After additional washing with a saturated 
sodium bicarbonate aqueous solution, the resulting organic layer was dried over anhydrous magnesium sulfate, and the 
20 solvent was removed under reduced pressure. The resulting residue was purified by silica gel column chromatography 
(chloroform/methanol = 29/1 9/1) to give 1.82 g of 4-quinuclidinyl N-(2-biphenylyl)carl)amate as light brown solid. 
This was dissolved in 30 ml of ethanol and mixed with 3 ml of a 4 N hydrogen chloride-ethyl acetate solution and then 
the solvent was removed under reduced pressure. The resulting solid was recrystallized from ethanol-diethyl ether to 
give 0.91 g of 4-quinuclidinyl N-(2-biphenytyl)cart>amate monohydrochloride as colorless crystals. 

25 

Melting point: 225 - 226«C (EtOH-EtgO) 



Elemental analysis (for C20H23N2O2CI •O.2H2O): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


66.27 
66.25 


6.51 
6.53 


7,73 
7,73 


9.78 
9.76 



Example 5 

40 A 0.1 1 ml portion of methyl iodide was added to 5 ml of a 2-butanone solution containing 0.57 g of 4-quinuclidinyl 
N-(2-biphenytyl)carbamate, and the reaction mixture was stined at room temperature overnight. After removal of the 
solvent under reduced pressure, the resulting residue was solidified by adding acetone and then recrystallized from 
acetonitrile to give 0.49 g of 4-[[N-(2-biphenylyl)cait>amoyl]oxy]-1 -methylquinuclidinium iodide as colorless crystals. 

45 Melting point: 123 - 125X (CH3CN) 



Elemental analysis (for C21H25N2O2I • 1 .8H2O): 




C(%) 


H(%) 


N(%) 


l(%) 


Calcd. 
Found 


50.77 
50.39 


5.80 
5.48 


5.64 
5.64 


25.55 
25.76 



Example 6 

With stirring, methyl bromide was bubbled into 10 ml of a 2-butanone solution containing 0.97 g of 4-quinuclidinyl 



22 



EP0747355A1 



N-(243ipheny1yl)carbamate for 20 minutes. After additional 1 hour of stirring at room temperature, the precipitated ays- 
tals were collected by filtration and washed with 2-butanone to give 1.06 g of 4-[[N-(2-biphenylyl)cait>amoyl]0Ky]-1- 
methylquinudidinium bromide as colorless crystals. 

Melting point: 243 • 244<'C (2-butanone) 



Elemental analysis (for C2iH25N202Br): 




C(%) 


H(%) 


N(%) 


Br(%) 


Calcd. 


60.44 


6.04 


6.71 


19.15 


Found 


60.34 


6.14 


6.61 


19.01 



Exanple? 

A 0.1 1 ml portion of methyl iodide was added dropwise at room temperature to a suspension of 0.50 g of 4-piperidyl 
N-(2-biphenylyl)cart>amate and 0.23 g of potassium cartx)nate in acetonitrile. and the reaction mixture was stinted at 
room temperature for 23 hours. Insoluble matter was removed by filtration and the solvent was removed under reduced 
pressure. The resulting residue was purified by silica gel column chromatography (chlorofbrm/methanol = 20/1 -> 5/1) 
to give 0.36 g of 4-[[N-(2-biphenylyl)carbamoyqoxy]-1 ,1 -dimethylpiperidinium iodide as colorless solid. This was recrys- 
tallized from methanol-diethyl ether to give 0.13 g of 4-[[N-(2-biphenylyl)cart>amoyqoxy]-1 .1<limethylpiperidinium iodide 
as colorless crystals. 

Melting point: 223 - 224<>C (MeOH-EtgO) 



Elemental analysis (for C20H25N2O2I • O.3H2O): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calod. 
Found 


52.48 
52.12 


5.64 
5.46 


6.12 
6.02 


27.72 
28.05 



The following compounds of Examples 8 to 10 were prepared in the same manner as the procedure of Example 1 . 
Example 8 

3-Quinuclidinyi N-(2-benzylphenyl)cart>amate monohydrobromide 
Starting compound: 2-benzyIbenzoic acid 

Melting point: 170 - 172*'C (CHsCN-i-PrOH) 



Elemental analysis (for C2iH25N202Br): 




C(%) 


H(%) 


N(%) 


Br(%) 


Calod. 
Found 


60.44 
60.33 


6.04 
6.02 


6.71 
6.71 


19.15 
19.06 
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Example 9 

S-Quinuclidinyl N-(2-phenyf-3-pyridy[)carbamate monooxalate 
5 Starting compound: 2-phenyl nicotinic acid 
Form: colorless amorphous 



Elemental analysis (for C21H23N3O6 


•I.75H2O): 




C(%) 


H{%) 


N(%) 


Calod. 


56.69 


6.00 


9.44 


Found 


56.88 


5.74 


9.12 



Mass spectrum data (m/z, FAB): 324 (M*^ -1- 1) 

Infrared absorption spectrum v^^ax (KBr) cm'^ 1724. 1636, 1442, 1246 

20 

Example 10 

3-Quinuclidinyl N-(2-biphenylylmethyl)carbamate monooxalate 
25 Starting compound: 2-biphenytacetic acid 
Melting point: 73 - 76*»C (EtOH-i-PraO) 



Elemental analysis (for C23H26N2O6 • O.75H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


62.79 


6.30 


6.37 


Found 


62.67 


6.43 


6.06 



Example 11 

40 

A 8.67 g portion of diphenylphosphoryl azide was added to 150 ml of a toluene solution containing 5.95 g of 2-phe- 
nylbenzoic acid and 3.34 g of triethylamine, and the reaction mixture was stirred at SO'^O for 1 .5 hours. Then. 6.51 g of 
1 -benzyl<4-piperidinol was added, and the mixture was stin-ed under reflux for 6 hours. The reaction solution was cooled 
to room temperature, successively washed with water, a saturated sodium bicarbonate aqueous solution, water and 

45 brine and then dried over anhydrous sodium sulfete. The solvent was removed under reduced pressure. The resulting 
residue was purified by silica gel column chromatography (chloroform/methanol - 100/1 50/1) to give 1 1.27 g of 1- 
benzyl-4-piperidyl N-(2-biphenylyl)carbamate. A 0.54 g portion thereof was dissolved in 20 ml of ethanol, 0.5 ml of a 4 
N hydrogen chloride-dioxane solution was added, the solvent was removed under reduced pressure and then the 
resulting residue was crystallized from ethanol-diethyl ether to give 0.46 g of 1*benzyl-4-piperidyl N-(2-biphenylyl)car- 

50 bamate hydrochloride as colorless aystals. 

Melting point: 183 - 184«C (EtOH-EtgO) 



55 
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Elemental analyst (tor C25H27N2O2CI): 




C(%) 


H(%) 


N(%) 


a(%) 


Calcd. 
Found 


70.99 
70.86 


6.43 
6.46 


6.62 
6.59 


8.38 
8.49 



The following compound was prepared in the same manner as described in Exanple 1 1 . 
Example 12 

IS 

1-Benzyl-4-pqperidyl N-(2-benzylphenyl)cart)amate monohydrochloride 
Starting compound: 2-benzylbenzoic acid 
20 Melting point: 21 8 - 222^'C (EtOH-CHsCN) 



Elemental analysis (for C26H29N2O2CI): 




C(%) 


H(%) 


N(%) 


a(%) 


Calcd. 
Found 


71.46 
71.43 


6.69 
6.70 


6.41 
6.47 


8.11 
8.07 



Example 13 

A 9.2 ml portion of 1-chloroethyl chloroformate was added dropwise at room temperature to 70 ml of a 1.2-dichlo- 
35 roethane solution containing 11.0 g of 1-l>enzyl-4-piperidyl N-(2-biphenyly1)carbamate« and the resulting mixture was 
stinted under reflux for 3 hours. The reaction solution was cooled to room temperature and the solvent was removed 
under reduced pressure. The resulting residue was mixed with 70 ml of methanol and stined overnight under reflux. The 
solvent was removed under reduced pressure and tine resulting residue was mixed with 200 ml of a saturated sodium 
bicartx>nate aqueous solution, followed by extraction with chloroform. The resulting organic layer was washed with brine 
40 and dried over anhydrous magnesium sulfate and then the solvent was removed under reduced pressure. The resulting 
residue was solidified with acetonitrile-diethyl etiier to give 5.96 g of 4i3iperidyl N-(2-b{phenyty1)carbamate as colorless 
solid. A 0.76 g portion thereof was recrystallized from acetonitriie to give 0.40 g of 4-piperidyl N-(2-biphenylyl)car- 
bamate as colorless aystals. 

4S Melting point: 147-1 49'C (CH3CN) 



Elemental analysis (for C18H20N2O2): 




C(%) 


H(%) 


N(%) 


Calcd. 


72.95 


6.80 


9.45 


Found 


72.91 


6.75 


9.49 



Example 14 

A 0.72 g portion of sodium triacetoxyborohydride was added in small portions to 15 ml of a 1 .2-dichloroethane solu- 
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tion containing 0.50 g of 4-piperidyl N-(2-biphenylyl) carbamate and 0.20 ml of 4-metlTylbenzaldehyde, and the resulting 
mixture was stirred at room temperature for 3 days. The reaction mixture was mixed with brine, adjusted to pH 9 with 
saturated sodium bicarl^onate aqueous solution, followed by extraction with chloroform. The organic layer was washed 
with brine and dried over anhydrous sodium sulfate and then the solvent was removed under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (chlorofbrm/methanol = 50/1) to give 0.60 g of 1-(4- 
methylbenzyl)-4-piperidyl N-(2-biphenylyl)carbamate as colorless oil. This was dissolved in methanol and mixed with 
0.14 g of oxalic acid, the solvent was removed under reduced pressure and then solid product obtained by solidification 
witii etiianol-dlethyl etiier was recrystallized from acetonitrile-diisopropyl ether to give 0.45 g of 1-<4-methylbenzyl)-4- 
piperidyl N-(2-biphenylyl)cart)amate monooxalate as colorless crystals. 

Melting point: 103 - 107»C (CHaCN-i-PraO) 



Elemental analysis (for C28H30N2O6 •O.2H2O): 




C(%) 


H(%) 


N{%) 


Calcd. 


68.06 


6.20 


5.67 


Found 


68.36 


6.59 


5.33 



The following compounds of E^mples 15 to 21 were prepared by the procedure similar to that of Exanrtple 14. 
Example 15 

1-(3-Hydroxybenzyl)-4-piperidyl N-(2-biphenylyl)carbamate monooxalate Starting compound: 3-hydroxybenzalde- 
hyde 

Melting point: 167 - 170»C (EtOH-CHsCN) 



Elemental analysis (for C27H28N2O7): 




C(%) 


H(%) 


N(%) 


Calcd. 
Found 


65.84 
65.79 


5.73 
5.68 


5.69 
5.73 



Example 16 

1-(4-Hydroxyt>enzyl)-4-piperidyl N-(2-biphenylyl)carbamate hemioxalate 
Starting compound: 4-hydroxybenzaldehyde 
Melting point: 140 - 142''C (EtOH-H20) 



Elemental analysis (for C26H27N2O 


5-1.75H20): 




C (%) 


H(%) 


N(%) 


Calcd. 


65.19 


6.42 


5.85 


Found 


65.18 


6.28 


5.84 
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Example 17 

1-(3-MethQxybenzyl)-4-piperidyl N-(2-biphenylyl)caibamate monooxalate 
Starting compound: m-anisaldehyde 

Melting point: 136 - 138*'C (EtOH-EtaO) 



Elemental analysis (for C28H30N2O7): 




C(%) 


H(%) 


N(%) 


Calcd. 


66.39 


5.97 


5.53 


Found 


66.25 


5.94 


5.47 



Example 18 

1-(4-Methaxybenzyl)'4-piperidyl N-(2-biphenylyl)cart3amate monooxalate 
Starting compound: p-anisaldehyde 

Melting point: 131 - 134<»C (CHaCN-i-PraO) 



Elemental analysis (for C28H30N2O7): 




C(%) 


H(%) 


N(%) 


Calcd. 


66.39 


5.97 


5.53 


Found 


66.06 


5.92 


5.48 



Example 19 

1-(4-Methylthiobenzyt)-4-piperidyl N-(2-bipheny1yl)cart>amate monooxalate 
Starting compound: 4-(methyithio)benzaldehyde 
Melting point: 149 - 150*C (EtOH-EtgO) 



Elemental analysis (for C28H30N2O6S): 




C(%) 


H(%) 


N(%) 


S(%) 


Calcd. 
Found 


64.35 
64.43 


5.79 
5.75 


5.36 
5.35 


6.14 
6.22 



Example 20 

1-(3.4-MethylenediQxybenzyO-4-piperidyl N-(2-biphenytyl)cart>amate monofumarate 
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Melting point: 161 - 162»C (EtOH-EtaO) 
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Elemental analysis (for C30H30N2O8): 




C (%) 


H (%) 


N (%) 


Calcd. 


65.92 


5.53 


5.13 


Found 


65.63 


5,52 


5.08 



Example 21 

1 •(4-Dimethylaminobenzyl)-4-piperidyl N-(2-biphenylyl)cart)amate dioxalate 
Starting compound: 4-(dimethylamino)benzaldehyde 
Melting point: 149 - 152»C (CHgCN-i-PraO) 



Elemental analysis (for Cs^HasNsOio): 




C(%) 


H (%) 


N(%) 


Calcd, 


61.08 


5.79 


6.89 


Found 


60.97 


5.76 


6.86 



Example 22 

A 0.93 g portion of potassium carbonate and 0.58 g of 3-nitrobenzyl chloride were added at room temperature to 
1 5 ml of an acetonitrile solution containing 1 .0 g of 4-piperidyl N-(2-biphenylyl)carbamate, and the reaction mixture was 
stin-ed at room temperature for 30 hours. Insoluble matter was removed by filtration, the resulting filtrate was concen- 
trated under reduced pressure and then the resulting residue was purified by silica gel column chromatography (chlo- 
roform/methanol = 98/2) to give 1 .5 g of 1 -(3-nitrobenzyl)-4-piperidyl N-(2-biphenylyl)cart)amate in a yellow amorphous 
form. A 0.62 g portion thereof was recrystallized from ethanol to give 0.20 g of 1-(3-nitrobenzyl)-4-piperidyl N-(2-biphe- 
nylyl)cart>amate as colorless crystals. 

Melting point: 93 - 94»C (EtOH) 



Elemental analysis (for C25H25N3O4): 




C(%) 


H (%) 


N(%) 


Calcd. 


69.59 


5.84 


9.74 


Found 


69.63 


5.82 


9.68 



The following compounds of Examples 23 to 32 were prepared in the same manner as described Example 22. 
Example 23 

1 '(4-Nitrobenzyl)-4-piperidyl N-(2-biphenyiyl)carbamate 
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Starting compound: 4-nitrobenzyl bromide 
Melting point: 117 - 118*0 (EtOH) 



Elemental analysis (for C25H25N3O4): 




C(%) 


H(%) 


N(%) 


Calcd. 


69.59 


5.84 


9.74 


Found 


69.46 


5.82 


9.70 



Example 24 

1-(3-Bromobenzyl)-4-piperidyt N-(2-biphenylyl)cart>amate monooxalate 
Starting conpound: 3-bromobenzyl bromide 
Melting point: 158 - 160''C (MeOH-i-PrgO) 



Elemental analysis (for C27H27N206Br): 




C(%) 


H(%) 


N(%) 


Br (%) 


Calcd. 
Found 


58.39 
58.33 


4.90 
4.86 


5.04 
5.03 


14.39 
14.13 



Example 25 

1-(3-Cyanobenzyl)-4-piperidyl N-(2-biphenylyl)carbamate monooxalate 
Starting conpound: S-bromomethylbenzonitrlle 
Melting point: 180 - 184<'C (MeOH-EtOH) 



Elemental analysis (for C28H27N3O6): 




C(%) 


H(%) 


N(%) 


Calcd. 


67.06 


5.43 


8.38 


Found 


66.90 


5.39 


8.41 



Example 26 

1-(3-Ruorobenzyl)-4-piperidyl N-(2-biphenylyOcarbamate monooxalate 
Starting compound: 3-f luorobenzyl bromide 
Melting point: 185 - ISe^'C (EtOH-EtsO) 
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Elemental analysis (for C27H27N2O6F): 




C(%) 


H(%) 


N(%) 


F(%) 


Calcd. 
Found 


65.58 
65.54 


5.50 
5.54 


5.66 
5.68 


3.84 
3.82 



Example 27 

1'(2-Chlorobenzyl)-4-plperidyl N-(2-biphenylyl}carbamate nrionooxalate 
Starting compound: 2-chlorobenzyl chloride 
Mefting point: 197 > 198<'C (EtOH-HgO) 



Elemental analysis (for C27H27N2O6CI): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


63.47 
63.55 


5.33 
5.31 


5.46 
5.51 


6.94 
6.88 



Example 28 

1-(3-Chlorobenzyl)-4-piperidyl N-(2-biphenylyl)carbamate monooxalate 
Starting compound: 3-chlorobenzyl bromide 
Melting point: 158 - 159'»C (EtOH-Et20) 



Elemental analysis (for C27H27N2O6CI): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


63.47 
63.60 


5.33 
5.36 


5.48 
5.45 


6.94 
7.17 



Example 29 

1-(2-Methylbenzyl)-4-piperidyl N-(2-biphenylyl)cart}amate monooxalate 
Starting compound: 2-methylbenzyl bromide 
Melting point: 185 - 186'»C (EtOH-Et20) 
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Elemental analysis (for CasHsoNgOe): 




C(%) 


H(%) 


N(%) 


Calcd. 


68.56 


6.16 


5.71 


Found 


68.43 


6.26 


5.72 



Example 30 

1-(3-Methylbenzyl)-4-piperidyl N-(2-biphenylyl)carbamate monooxalate 
Starting compound: 3-methylbenzyl chloride 
Melting point: 180 - 18^0 (EtOH-EtgO) 



Elemental analysis (for C28H30N2O6): 




C(%) 


H(%) 


N(%) 


Calcd. 


68.56 


6.16 


5.71 


Found 


68.52 


6.16 


5.68 



Example 31 

1 -(3-Trrfluoromethylbenzyl)-4-piperidyl N-(2-biphenylyl)carl>amate monooxalate 
Starting compound: 3-trifluoromethylbenzyl bromide 
Melting point: 150 - 15^0 (EtOH) 



Elemental analysis (for C28H27N2O6F3): 




C{%) 


H(%) 


N{%) 


F(%) 


Calcd. 
Found 


61.76 
61.76 


5.00 
5.03 


5.14 
5.12 


10.47 
10.76 



Example 32 

1-(3-MethQxycarbonyfbenzyl)-4-piperidyl N-(2-biphenylyl)cart)amate monooxalate 
Starting compound: methyl 3-bromomethylbenzoate 
Melting point: 1 15 - 116*C (EtOH-EtgO) 



31 



EP 0 747 355 A1 



Elemental analysis (for C29H30N2O8 * O.25H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


64.61 


5.70 


5.20 


Found 


64.66 


5.59 


5.21 



Example 33 

A 1.1 g portion of 1 -(3-nitrobenzyl)-4-piperidyl N-(2-biphenylyl)cart3amate was dissolved in 50 ml of methanol to 
carry out catalytic reduction in the presence of Raney nickel under an atmosphere of hydrogen. After removal of Raney 
nickel by filtration, the solvent was removed and the resulting residue was purified by silica gel column chromatography 
(chlorolbrm/methanol = 50/1) to give 0.68 g of 1-(3-aminobenzyl)-4-piperidyl N-(2-k)iphenytyl]carbamate in a pale yellow 
amorphous form. This was dissolved in 10 ml of methanol and mixed with 2 ml of 4 N hydrogen chloride-ethyl acetate 
solution, the solvent was removed under reduced pressure and then the resulting pale yellow solid was recrystallized 
from ethanol-diisopropyl ether to give 0.15 g of 1-(3-aminobenzyl)-4-piperidyl N-(2'biphenylyl)carbamate dihydrochlo- 
ride as colorless crystals. 

Melting point: 189 - 193°C (EtOH-l-Pr20) 



Elemental analysis (for C25H29N302CI2" H2O): 




C(%) 


H{%) 


N(%) 


CI (%) 


Calcd. 
Found 


60.98 
61.25 


6.35 
6.16 


8.53 
8.32 


14.40 
14.06 



The following compound was prepared in the same manner as described In Example 33. 
Exanple 34 

1-(4-Aminobenzyl)-4-piperidyl N-(2-biphenylyl)carbamate dioxalate 
Starting compound: 1-(4-nltrobenzyl)-4-piperidyl N-(2-biphenylyl)carbamate 
Melting point: 111 - 114*^C (CH3CN-i-Pr20) 



Elemental analysis (for C29H31N3O10 *0.25H2O): 




C(%) 


H{%) 


N(%) 


Calcd. 


59.43 


5.42 


7.17 


Found 


59.43 


5.34 


7.22 



Example 35 

A 0.23 ml portion of methanesulfonyl chloride was added dropwise to 12 ml of an ice-cooled dichloromethane solu- 
tion containing 0.64 g of N-[4-(hydroxymethyl)benzyl]trlf luoroacetamide and 0.33 g of triethylamine, and the reaction 
mixture was stirred at room temperature for 3 hours. The reaction mixture was poured into water and extracted with 
dichloromethane and the resulting organic layer was washed with water and brine, and then dried over anhydrous 
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sodium sulfate, and then the solvent was rennoved under reduced pressure. The resulting residue was dissolved in 5 ml 
of dimethylformamide and added dropwise to a mixture of 0.74 g of 4-ptperidyl N-(2-biphenyty1)cart)amate and 0.37 g 
of potassium cart)onate suspended in 20 ml of ice-cooled dimethytfomiamide, and the reaction mixture was stirred at 
room temperature overnight. The reaction solution was poured into water and extracted with ethyl acetate, the resulting 

5 organic layer was washed with water and brine in that order and dried over anhydrous sodium sulfate and then the sol- 
vent was removed under reduced pressure. The resulting residue was purified by silica gel column chromatography 
(chloroform/methanol = 100/1) to give 1.19 g of 1-(4-trifIuoroacetamidobenzyO-4-piperidy1 N-(2-biphenytyl)cart>amate 
as pale yellow oil. This was dissolved in 20 ml of methanol mixed with 4 ml of water and 0.20 g of potassium cartx>nate. 
followed by overnight stim'ng at room temperature. The solvent was removed under reduced pressure and the resulting 

10 residue was mixed with water, followed by extraction with chlorofbrm-2-propanol. The organic layer was washed with 
brine and dried over anhydrous sodium sulfate and then the solvent was removed under reduced pressure. The result- 
ing residue was dissolved in 20 ml of ethanol and mixed with 1.5 ml of a 4 N hydrogen chloride-dioxane solution and 
then the solvent was removed under reduced pressure. Thereafter, the resulting residue was crystallized from etharK>l- 
diethyl ether and then recrystallized from ethanol-diethyl ether to give 0.47 g of 1 -(4-aminomethylbenzyl)-4-piperidyl N- 

is (2-biphenylyl)cart3amate dihydrochloride as colorless crystals. 

Melting point: 225 - 229<»C (EtOH-EtgO) 



20 


Elemental analysis (for C26H31N3O2CI2 •O.75H2O): 






C(%) 


H(%) 


N(%) 


CI (%) 




Calod. 


62.21 


6.53 


8.37 


14.13 


25 


Found 


62.57 


6.30 


8.36 


13.84 



The following compound was prepared in the same manner as described in Example 3. 

30 

Example 36 

4-[[N-(2-Biphenylyl)carbamoyl]oxy]-1 -ethylquinudidinium iodide 
35 Starting compound: ethyl iodide 

Melting point: 243 - 245**C (decomposition) (2-butanone) 



40 


Elemental analysis (for C22H27N202i): 






C(%) 


H{%) 


N(%) 


a(%) 




Calcd. 


55.24 


5.69 


5.86 


26.53 


45 


Found 


55.08 


5.61 


5.82 


26.80 



The following compounds of Examples 37 to 40 were prepared in the same manner as described in Example 22. 

so 

Example 37 

1-Cyclohexylmetiiyl-4-piperidyl N-(2-biphenylyl)carbamate monooxalate 
55 Starting conpound: cyclohexylmethyl bromide 
Melting point: 180-181*0 (EtOH-EtgO) 
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Elemental analysis (for C27H34N2O6): 




C(%) 


H(%) 


N(%) 


Calcd. 


67.20 


7.10 


5.80 


Found 


66.99 


6.97 


5.82 



Example 38 

1-Phenethyl-4-piperidyl N-(2-biphenylyQcarbamate monohydrochlorlde 
Starting compound: phenethyl bromide 
Melting point: 137 - 139»C (EtOH-EtaO) 



Elemental analysis (for C26H29N2O2CI * O.5H2O): 




C(%) 


H(%) 


N(%) 


Cl(%) 


Calcd. 


70.02 


6.78 


6.28 


7.95 


Found 


70.34 


7.00 


6.08 


7.72 



Example 39 

A mixture of 1-[(1-trityl-1H-benzimidazol-5-yl)methyl]-4-piperidyl N-(2-biphenyiyl)carbamate and 1-[(1-trityl-1H- 
benzimidazol-6-yl)metiiyl]-4-piperidyl N-(2-biphenylyl)carbamate 

Starting compound: A mixture of 5-chloromethyl-l-trityl-IH-benzimidazole and &<;hloromethyl-1'trityl-1H-benzimida- 
zole 

Mass spectrum data (m/z. FAB): 669 (M* + 1) 

Nuclear magnetic resonance spectrum (DMSO-de- internal standard) 

5: 1,15 - 1.30 (1 K m). 1.35 - 1.50 (0.5 H. m). 1.50 - 1,60 (1 H, m). 1.65 - 1.85 (1.5 K m), 2.05 - 2.30 (1.5 H. m), 
2.50 - 2.65 (0.5 H. m). 3.20 - 3.45 (2 H. m). 4.30 - 4.50 (1 H, m). 6.35 - 6,40 (1 H, m). 6.80 - 7.25 (7 H. m). 7.25 - 
7.65 (19 H, m). 7.80 (0.5 H, s). 7.86 (0.5 H. s). 8.61 (1 H, d. J = 8.8 Hz) 

Example 40 

1'(2-Pyridylmethyl)-4-piperidyl N-(2-biphenylyl)carbamate dihydrochloride 
Starting compound: 2-chloromethylpyridine hydrochloride 
Melting point: 144 - 150*C (EtOH-CHgCN) 



Elemental analysis (for C24H27N3O2CI2 « H2O): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


60.25 
60.51 


6.11 
5.85 


8.78 
8.81 


14.82 
14.75 
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The following compounds of Examples 41 to 45 were prepared in the same manner as described in Example 14. 
Example 41 

1-Furfuryl-4-plp&'ldyl N-(2-bipheny1yl)cark>amate oxalate 
Starting compound: 2-furaldehyde 

Melting point: 163 - 164«C (EtOH-AcOEt) 



Elemental analysis (for C25H26N2O7): 




C(%) 


H(%) 


N(%) 


Calcd. 


64.37 


5.62 


6.01 


Found 


64.28 


5.61 


5.96 



Example 42 

1-(4-Chlorobenzyl)-4-piperidyi N-(2-biphenyiyl)cart>amate monooxalate 
Starting compound: 4-chlorobenzaldehyde 
Melting point: 172 - 173»C (EtOH) 



Elemental analysis (for C27H27N2O6CI • O.aSHgO): 




C(%) 


H(%) 


N(%) 


Cl(%) 


Calcd. 
Found 


62.91 
62.88 


5.38 
5.21 


5.43 
5.42 


6.88 
7,00 



Exanple 43 

1-(3-Furyimethyl]-4-piperidyl N-(2-biphenylyl)cart3amate monooxalate 
Starting compound: 3-furaldehyde 
Melting point: 165-1 66*»C (EtOH) 



Elemental analysis (for C25H26N2O7): 




C(%) 


H(%) 


N(%) 


Calcd. 


64.37 


5.62 


6.01 


Found 


64.15 


5.68 


5.88 
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Example 44 

1-(2-Thenyl)-4-piperidyi N-(2-biphenylyl)cart)amate monooxalate 
5 Starting compound: 2'thiophenecarbaldehyde 
Melting point: 103 - lOS^'C (EtOH-Et20) 



10 


Elemental analysis (for CasHasNaOeS • O.25H2O): 






C(%) 


H(%) 


N(%) 


S(%) 




Calod. 


61.65 


5.48 


5.75 


6.58 


15 


Found 


61.69 


5.52 


5.59 


6.56 



Example 45 

20 

1-(3-Thenyl)-4-piperidyl N-(2-biphenylyl)carbamate monooxalate 
Starting compound: 3-thiophenecarbaldehyde 
25 Melting point: 1 47 - 1 49*»C (AcOEt-CHsCN) 



Elemental analysis (for C25H26N2O6S): 




C(%) 


H(%) 


N(%) 


S(%) 


Calcd. 
Found 


62.23 
62.20 


5.43 
5.42 


5.81 
5.77 


6.65 
6.65 



35 

The following compounds of Examples 46 to 48 were prepared in the same manner as described in Example 1 . 
Exannple 46 

40 

3-Quinuclidinyl N-(2-benzoylphenyl)cart>amate monohydrochloride 
Starting compound: 2-benzoylbenzoic acid 
45 Melting point: 236 - 238'*C (decomposition) (EtOH) 



Elemental analysis (for C21H23N2O3CI • O.IHgO): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


64.89 
64.84 


6.02 
5.97 


7.21 
7.19 


9.12 
8.97 



55 

Example 47 

3-Quinuclidinyl N-(2'-methyl-2-blphenylyl)carbamate monohydrochloride 
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Starting conrpound: 2*-methyl-2-bq3henylcarboxylic add 

Melting point: 195 - ISe^'C (EtOH-EtgO) 



Elemental analysis (for C21H25N2O2CI}: 




C(%) 


H(%) 


N(%) 


Cl{%) 


CalcxJ. 
Found 


67.64 
67.41 


6.76 
6.75 


7.51 
7.50 


9.51 
9.39 



Example 48 

3-Quinuclidinyl N>(2'-nitro-2*biphenylyl)cart)amate monofumarate 
Starting compound: 2 -nitro-2-biphenylcarbQxylic add 
Melting point: 156 - 157*»C (CHsCN-EtaO) 



Elemental analysis (for C24H25N3O8): 




C(%) 


H(%) 


N(%) 


Calcd. 


57.77 


5.07 


9.19 


F=6und 


57.78 


5.13 


9.32 



Example 49 

To a 30 ml of acetone solution containing 0.97 g portion of the mixture of 1-[(1-trityl''1H-benzimidazol-5-yl)methyl]- 
4-piperidyl N-(2-biphenylyl)cartDamate and 1-[(1-trityl-1H-ben2imidazol-6-yl)methyl]-4-plperidyl N-(2-biphenyfyOcar- 
bamate was added 15 mt of 1 N hydrochloric acid, and the reaction mixture was stirred at room temperature for 18 
hours. The reaction mixture was concentrated under reduced pressure, adjusted to pH 9 by the addition of a saturated 
sodium bicart>onate aqueous solution and then extracted with chloroform. The resulting organic layer was washed with 
brine and dried over anhydrous sodium sulfate. Then, the solvent was removed under reduced pressure to give 0.71 g 
of 1-(1H-benzimida2ol-5-y1methyI)-4-piperidyl N-(2-biphenylyl)cart)amate as colorless oil. A 0.55 g portion thereof was 
dissolved in 20 ml of ethanol and mixed with 0.1 1 g of oxalic acid and then the solvent was removed under reduced 
pressure. The resulting residue was purified by silica gel column chromatography (chloroform/methanol = 10/1 ^ 5/1) 
to give 0.20 g of 1-(1H-benzimidazol*5-ylmethyl)-4'piperidyl N-(2-biphenylyOcarbamate 1.5 oxalate as colorless solid 
which was subsequently recrystallized from ethand-diethyl ether to give 0.10 g of 1-(1H-benzimidazol-5-ylmethyl)*4- 
piperidyl N-(2-biphenylyl)carbamate sesqioxalate as coloriess crystals. 

Melting point: 191 - ^93^C (EtOH-EtaO) 



Elemental analysis (for C29H29N4O8 • H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


60.10 


5.39 


9.67 


Found 


60.12 


5.17 


9.66 
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Example 50 

A 6 ml portion of a dichloromethane solution containing 0.60 g of 3-quinuclidinyl N>(2'-methoxy-2-biphenyiyl)car- 
bamate was cooled to -60*^0 in a stream of argon, 3.7 ml of a 1 M boron tribromide-dichloromethane solution was added 

5 dropwise at -SO^'C or below and then the resulting mixture was stirred for 3 hours during which the temperature was 
gradually increased to -10**C. The reaction mixture was cooled to -SO^C, mixed with 3.0 ml of triethylamine and 1.5 ml 
of methanol in that order, returned to room temperature, mixed with water and then extracted with dichloromethane. The 
organic layer was washed with brine and dried over anhydrous sodium sulfate and then the solvent was removed under 
reduced pressure. The resulting residue was purified by silica gel column chromatography (chlorofornVmethanol - 30/1 

10 10/1) to give 0.25 g of 3-quinuclidinyl N-(2'-hydroxy-2-biphenylyl)carbamate. This was dissolved in 10 ml of ethanol, 
63 mg of oxalic acid was added, the solvent was removed under reduced pressure, and then the resulting solid was 
recrystallized from methanol to give 0.18 g of 3-quinuclidinyl N-(2'-hydroxy-2-biphenylyl)cart3amate monooxalate as 
colorless crystals. 

15 Melting point: 1 53 - 1 55''C (MeOH) 



Elemental analysis (for C22H24N2O7 •O.75H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


59.79 


5.82 


6.34 


Found 


59.64 


5.94 


6.36 



25 

Example 51 

A 0.80 g portion of 10% palladium-carbon was added to 150 ml of an ethanol solution containing 7.40 g of 3-qui- 
30 nudidinyl N-(2'-nitro-2-biphenylyl)carbamate to carry out catalytic hydrogenation in an atmosphere of hydrogen. After 
removal of the catalyst by filtration, the solvent was removed under reduced pressure and the resulting residue was 
purified by silica gel column chromatography (chloroform/methanol/28% aqueous ammonia = 10/1/0,1) to give 6.27 g 
of 3-quinuciidinyl N-(2'-amino-2-biphenylyl)cart)amate as pale yellow foam. A 2.53 g portion of this was dissolved in 50 
ml of ethanol and mixed with 4 ml of 4 N hydrogen chioride-dioxane solution, the solvent was removed under reduced 
35 pressure, the resulting residue was solidified with ethanol-diethyl ether and then 1 .69 g of the resulting solid substance 
was reaystaliized twice from ethanol to give 3-quinuclidinyl N-(2'-amino-2-biphenylyl)carbamate 1.9 hydrochloride as 
colorless crystals. 

Melting point: 156 - 158*'C (EtOH) 

40 



Elemental analysis (for C20H23N3O2 • 1.9HCI • H2O): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 


56.56 


6.38 


9.89 


15.86 


Found 


56.19 


6.61 


9.89 


15.67 



50 

Example 52 

A 0.21 g portion of sodium borohydride was added in small portions to 40 ml of an ethanol solution containing 1 .91 
g of 3-quinucndinyl N-(2-benzoylphenyl)carbamate under ice-cooling, and the reaction mixture was stirred at room tem- 
55 perature for 3 hours. The solvent was removed under reduced pressure, and the residue was diluted with water and 
extracted with ethyl acetate. The resulting organic layer was washed with brine and dried over anhydrous sodium sulfete 
and then the solvent was removed under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (chloroform/methanol = 20/1 -> chloroform/methanol/28% aqueous ammonia = 10/1/0.1) to give 1.08 
g of 3<|uinuclidinyl N-[2-(a-hydroxybenzyl)phenyl]carbamate as pale yellow foam. This was dissolved in 20 ml of etha- 
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no! and mixed with 0.8 m! of a 4 N hydrogen chloiide-dioxane solution and then the solvent was removed under reduced 
pressure. The resulting residue was solidified by ethanol-diethyl ether, followed by recrystallization from ethanol to give 
0.34 g of 3-quinuclidinyt N-[2'(a-hydroxybenzyl)phenyqcart>amate monohydrochloride as colorless crystals. 

5 Melting point: 202 - 203''C (EtOH) 



Elemental analysis (for C21H25N2O3CI): 




C(%) 


H(%) 


N(%) 


a(%) 


Calcd. 
Found 


64.86 
64.76 


6.48 
6.53 


7.20 
7.22 


9.12 
9.12 



IS 

Example 53 

A 0.05 g portion of sodium hydride (60%) was added to 30 ml of a toluene solution containing 0.93 g of ethyl N-[2- 
20 (2-cyclopenten-1-yl)phenyf]cart5amate and 0.76 g of 3-quinudidinol, and the reaction mixture was stirred overnight at 
1350c with removal of formed ethanol. The reaction mixture was cooled to room temperature, mixed with brine and then 
extracted with ethyl acetate. The resulting organic layer was dried over anhydrous sodium sulfate, the solvent was 
removed under reduced pressure and then the resulting residue was purified by silica gel column chromatography 
(chlorofbrm/methanol = 30/1) to give 1 .10 g of 3-quinudidinyl N-[2-(2-cyclopenten-1 -yt)phenyl]cait)amate as pale yellow 
2S oil. This was dissolved in 30 ml of ethanol and mixed with 1.4 ml of a 4 N hydrogen chloride-dioxane solution and then 
the solvent was removed under reduced pressure. The resulting residue was solidified by adding acetonitrile and ethyl 
acetate, followed by recrystallization from ethanol-ethyl acetate to give 0.44 g of 3-quinudidinyl N-[2-(2-cyclopenten-1* 
yl)phenyl]cart)amate hydrochloride as colorless crystals. 

30 Melting point: 181 - 182«C (EtOH-AcOEt) 



Elemental analysis (for C19H25N2O2CI * O.25H2O): 




C{%) 


H(%) 


N(%) 


Cl(%) 


Calcd. 
Found 


64.58 
64.78 


7.27 
7.14 


7.93 
7.90 


10.03 
10.20 



40 

Example 54 

A 0.2 ml portion of a 4 N hydrogen chloride-dioxane solution and 0.20 g of 10% palladium-carbon were added to 5 
ml of an ethanol solution containing 0.23 g of 3-quinudldinyl N-[2-(2-cyclohexen-1-yl)phenyl]cart)amate. followed by 
catalytic hydrogenation under atmosphere of hydrogen. After removal of catalyst by filtration, the solvent was removed 
under reduced pressure. The resulting residue was mixed with a sodium bicart>onate aqueous solution and extracted 
with chloroform. The resulting organic layer was dried over anhydrous sodium sulfate and the solvent was removed 
under reduced pressure. The resulting residue was dissolved in 5 ml of ethanol. 26 mg of oxalic acid was added, the 
solvent was removed under reduced pressure, followed by crystallization from acetonitrlle-diethyl ether to give 0.08 g of 
3-quinudidinyl N-(2-cydohexylphenyQcaibamate oxalate as colorless crystals. 

Melting point: 102 - 103*G (CH3CN-Et20) 
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Elemental analysis (for C22H30N2O6 •O.75H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


61.17 


7.35 


6.48 


Found 


61.29 


7.33 


6.50 



Example 55 

A 0.64 g portion of S-quinudidinyl N-(2-biphenylyi)carbamate was dissolved in 15 ml of dichloromethane and 0.47 
15 g of m-chloroperbenzoic acid was added under ice-cooling, and the reaction mixture was stirred at room temperature 
for 3.5 days. The reaction solution was mixed with a sodium carbonate aqueous solution the mixture was extracted with 
chloroform, the resulting organic layer was dried over anhydrous sodium sulfate and then the solvent was removed 
under reduced pressure to give 0.40 g of 1-oxklo-3-quinuclldinyl N-(2-biphenylyl)cart)amate as colorless solid which 
was subsequently recrystaliized from ethanol-diethyl ether to give 0.29 g of 1-oxido-3-quinuclidinyt N-(2-biphenylyl)car- 
20 bamate as colorless crystals. 

Melting point: 190 - 19rC 

(decomposition) (EtOH-EtaO) 



Elemental analysis (for C20H22N2O3 • O.2H2O): 




C(%) 


H(%) 


N{%) 


Calcd. 


70.24 


6.60 


8.19 


Found 


70.41 


6.56 


8.05 



35 Example 56 

A 1 .00 g portion of 3-quinuclidinyl N-(2-phenylthiopheny[)carbamate was dissolved in 30 ml of ethanol, the resulting 
solution was mixed with 0.80 ml of a 4 N hydrogen chloride-ethyl acetate solution and then the solvent was removed 
under reduced pressure. The resulting residue was dissolved in 25 ml of ethanol and added dropwise at room temper- 

40 ature to 24 ml of an aqueous solution containing 1 .80 g of sodium periodate. and the resulting mixture was stirred at 
room temperature for 2 days, mixed with 12 ml of an aqueous solution containing 1.20 g of sodium periodate, followed 
by stirring at room temperature for 2 days. The reaction solution was concentrated under reduced pressure, and the 
resulting residue was mixed with water and extracted with chloroform. The resulting organic layer was washed with 
brine and dried over anhydrous sodium sulfate and then the solvent was removed under reduced pressure. The result- 

45 Ing residue was purified by silica gel column chromatography (chlorofbrm/methanol = 20/1) to give 0.56 g of 3-qulnuc- 
lidinyl N-(2-phenylsulfonylphenyl)carbamate. This was dissolved in 10 ml of ethanol and mixed with 0.4 ml of 4 N 
hydrogen chloride-dioxane solution, and the solvent was removed under reduced pressure. The resulting residue was 
solidified by adding ethyl acetate and then recrystaliized from ethanol-ethyt acetate to give 0.35 g of 3-quinuclidinyl N- 
(2-phenylsulfonylphenyl)carbamate hydrochloride as colorless crystals. 

so 

Melting point: 161 - 162'»C (EtOH-AcOEt) 



Elemental analysis (for C20H23N2O4SCI • O.25H2O): 




C(%) 


H(%) 


N(%) 


S(%) 


CI (%) 


Calcd. 
Found 


56.20 
56.18 


5.54 
5.43 


6.55 
6.52 


7.50 
7.39 


8.29 
8.23 
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Example 57 

5 To 1 .0 g of 3-quinuclidinyl N-(2-phenyfthiophenyl)carfoamate dissolved in 20 ml of ethanol was added 0.8 ml of 4 N 

hydrogen chloride-ethyl acetate solution, and then the solvent was removed under reduced pressure. The resulting res- 
idue was dissolved in 25 ml of ethanol and added dropwise at room tanperature to 8 ml of an aqueous solution con- 
taining 0.60 g of sodium periodate, and the reaction mixture was stirred at room temperature overnight. The reaction 
mixture was concentrated under reduced pressure, and the residue was made into alkaline with saturated sodium blear- 

10 bonate aqueous solution, followed by extraction with chloroform. The resulting organic layer was dried over anhydrous 
sodium sulfate and then the solvent was removed under reduced pressure. The resulting residue was dissolved in 30 
ml of methanol. 0.30 g of fumaric acid was added and then the solvent was removed under reduced pressure. The 
resulting residue was crystallized from methanol-acetonitrile, followed by recrystallization from ethanol to give 0.34 g of 
3-quinucndinyt N-(2-phenylsulfinylphenyl)caibamate monofumarate. 

IS 

Melting point: 178 - 179^0 (EtOH) 



Elemental analysis (for C24H26N2O7S): 




C(%) 


H(%) 


N(%) 


S(%) 


Calcd. 
Found 


59.25 
59.02 


5.39 
5.35 


5.76 
5.73 


6.59 
6.68 



The following compound was prepared In the same manner as described in Example 1. 
30 Example 58 

3a-8-Methyl-8-a2abicyclo[3.2.1]octan-3-yl N-(2-biphenylyl)cart)amate monohydrochloride 
Starting conpound: tropine 

3S 

Melting point: 262 - 263»C (EtOH-EtgO) 



Elemental analysis (for C21H25N2O2CI): 




C(%) 


H(%) 


N(%) 


CI (%) 


Calcd. 
Found 


67.64 
67.34 


6.76 
6.83 


7.51 
7.41 


9.51 
9.59 



The following compounds of Examples 59 and 60 were prepared in the same manner as described in Example 53. 
so Example 59 

3-Qiflnuclidinyl N-{2-phenylthiophenyOcarl)amate monohydrochloride 
Starting compound: methyl N-(2i:)henylthiophenyl)cart>amate 

55 

Melting point: 231 - 233*'C (EtOH-EtgO) 
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Elemental analysis (for C20H23N2O2SCI): 




C(%) 


H{%) 


N{%) 


S(%) 


CI (%) 


Calcd. 
Found 


61.45 
61,32 


5.93 
5.90 


7.17 
7.14 


8.20 
8.25 


9.07 
9.33 



Example 60 

S-Quinuclidinyl N-(2-p[perldlnophenyl)carbamate dioxalate 
Starting compound: ethyl N-(2-piperidinophenyl)carbamate 
Melting point: 172 - 173»C (EtOH-EtaO) 



Elemental analysis (for C23H3^N30^o •O.25H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


53.74 


6.18 


8.17 


Found 


53.72 


6.15 


7.97 



The fbllowlng compounds of Examples 61 and 62 were prepared in the same manner as described in Example 2. 
Example 61 

3-Quinuclidinyl N-[2-(2-cyclohexen-1-yl)phenyQcark3amate hemioxalate 
Starting compound: 1,3-bis [2-(2-cyclohexen-1-yl)phenyl]urea 
Melting point: 98 - lOO^'C (CH3CN) 



Elemental analysis (for C21H27N2O4 • H2O): 




C(%) 


H(%) 


N(%) 


Calcd. 


64.76 


7.51 


7.19 


Found 


64.58 


7.29 


7.09 



Example 62 

1-Benzyl-4-piperidyl N-[2-(2-cyclohexen-1-yl)phenyI]carbamate oxalate 
Starting compounds: 1,3-bis[2-(2-cydohexen-1-yl)phenyl]urea and 1 -benzyM-hydroxypiperidine 
Melting point: 118 - 12rC (EtOH-EtgO) 
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Elemental analysis [for C27H32N2O6 * 0.25HgO): 




C(%) 


H(%) 


N{%) 


Calod. 


66.86 


6.75 


5.78 


Found 


66.81 


6.74 


5.76 



Example 63 

To the solution of 0.30 g portion of 4-quinucfidinyl N-(2-biphenylyl)carbamate dissolved in 3 ml of 2-butanone. 0.14 
g of allyl bromide was added, and the reaction mixture was stin-ed at 60''C for 3 hours. After cooling, the precipitated 
crystals were collected by filtration and washed with diethyl ether to give 0.40 g of 1-allyl-4-[[N-(2-biphenylyf)car- 
bamoyl]oxy]quinuclidinium bromide as colorless crystals. 

Melting point: 181 - 182'>C (2-butanone) 



Elemental analysis (for C23H27N202Br): 




C(%) 


H(%) 


N(%) 


Br(%) 


Calod. 
Found 


62.31 
62.28 


6.14 
6.15 


6.32 
6.28 


18.02 
17.89 



The following compounds of Examples 64 to 66 were prepared in the same manner as described in Example 3. 
Example 64 

4-[[N-(2-Biphenylyl)cart>amoyl]oxy]-1 -isopropylquinudidinium iodide 
Starting compound: isopropyl iodide 

Melting point: 236 - 239*'C (2-butanone) 



Elemental analysis (for C23H29N2O2I): 




C(%) 


H(%) 


N(%) 


l(%) 


Calcd. 

Found 


56.10 

56.22 


5.94 

6.02 


5.69 

5.64 


25,77 

25.52 



Exanrple 65 

4-[[N-(2-blpheny1yl)carbamoyqQxy]-1 -propylquinuclidinium iodide 
Starting compound: propyl iodide 

Melting point: 217 - 218''C (decomposition) (2-butanone) 
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Elemental analysis (for C23H29N2O2I): 




C(%) 


H(%) 


N(%) 




Calcd. 
Found 


56.10 
56.06 


5.94 
5.92 


5.69 
5.70 


25.77 
25.84 



Example 66 

1 -Benzyl-3-[[N-(2-biphenylyf)carbamoyl]oxy]quinuclldinium bromide 
Starting conrtpound: benzyl bromide 

l\^etting point: 208 - 210*^0 (2-butanone) 



Elemental analysis (for C27H29N202Br • 0.25l-t2O): 




C(%) 


H(%) 


N(%) 


Br(%) 


Calcd. 
Found 


65.13 
64.98 


5.97 
5.88 


5.63 
5.65 


16.05 
16.18 



Structural formulae of the compounds of the present invention prepared In exanples 1 to 66 are shown in the fol- 
lowing table. 
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Example A Y 

' Q - 


R' X 


B Salt 

Ay 


^ qk - 








6 - 


CH, 

1 1- 




1 

6 - 


dp 




6 - 


CH. 

1 r 

^ - 




6 - 


CH. 

1 Br- 




6 - 


^\*/CH. 
Xj'^CH. 

I- 


8 ^ -CH.- 


6 - 
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:ampl 
9 


e A Y 


R' 

6 


X B 


Salt 

COOH 
1 

COOH 


10 


9,- 


6 




COOH 
1 

COOH 


11 








HCI 


12 




6 


- K^X) 


HCl 


13 




6 




- 


14 




6 


CH. 


COOH 
1 

COOH 


15 




6 




COOH 
1 

COOH 


16 






OH 


COOH 
0.5 1 
COOH 


17 




6 




COOH 
1 

COOH 


18 


9-- 


6 


OCH, 


COOH 
1 

COOH 


19 


9- - 


6 


- <y^ 

SCH. 


COOH 
1 

COOH 
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Exampli 
20 


B A Y 


R' X 

6 - 


B 


Salt 
COOH 

/ 

HOOC 


21 




6 - 




COOH 
2 1 
COOH 


22 




6 - 




- 


23 




6 - 


NO, 


- 


24 




6 - 




COOH 
1 

COOH 


25 




6 - 




COOH 
1 

COOH 


26 




6 - 




COOH 
1 

COOH 


27 




6 - 




COOH 
1 

COOH 


28 


9, - 


6 - 




COOH 
1 

COOH 


29 




6 - 


CH, 


COOH 
1 

COOH 


30 


9.- 


6 - 




COOH 
1 

COOH 
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10 



15 



20 



25 



30 



35 



40 



Example 
31 


5 A Y 


R' 

6 


X B 


Salt 

COOH 
1 

COOH 


32 


P - 


6 




COOH 
1 

COOH 


33 








2HCI 


34 




6 


Mi 


COOH 
2 1 
COOH 


35 


9,- 


6 




2HC1 


36 


a - 

T 


6 


1 I- 


- 


37 




6 




COOH 
1 

COOH 


38 


Ck - 






HCl 



9^ - 6 



so 
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39 r n - - ""'I 
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Examp 
40 


le A Y 


R' 

6 


X B 

- OX) 


Salt 
2HCI 


41 




6 




COOH 
1 

COOH 


42 




6 


CI 


COOH 
1 

COOH 


43 




6 


- -C"^ 


COOH 

1 

COOH 


44 




6 




COOH 
1 

COOH 


43 




6 


- -c»^ 


COOH 
1 

COOH 


46 




6 




HCI 


47 








HCI 


48 


a - 

1 


6* 




COOH 

/ 

unnt* 
HUUt 


49 


Q- - 


6 


- o-xo 

H 


COOH 

1.51 
COOH 


50 




6-" 




COOH 
1 

COOH 
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61 



62 



63 



64 



65 



66 



A Y 




X B salt 

ti rnnu 
N --^ CODn 






~\-/ ^J) COOH 




6 


Br 




6 


- -Qi^ 1- 




6 






6 





In addition to the aforementioned compounds of examples, other compounds of the present invention are shown 
below. These compounds can be synthesized In accordance with the synthetic pathways and methods described In the 
aforementioned preparation processes and examples and their modifications known to those skilled in the art and par- 
ticular experiments are not required. 
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Formulation Example 1 



Compound of the present invention 


5.0 


Lactose 


113.6 


Microcrystalline cellulose 


28.4 


Ught silicic anhydride 


1.5 


Magnesium stearate 


1.5 



Using a DC type mixer, 15 g of the compound of the present invention was mixed with 340.8 g of lactose and 85.2 
g of microcrystalline cellulose. The mixture was subjected to compression molding using a roller compactor to give a 
flake-like compressed material. The flake-like compressed material was pulverized using a hammer mill, and the pul- 
verized material was screened through a 20 Mesh screen. A 4.5 g portion of light silicic anhydride and 4.5 g of magne- 
to sium stearate were added to the screened material and mixed using a DC type mixer. The mixed product was subjected 
to a tablet making machine equipped with a die/|punch system of 7.5 mm In diameter, thereby obtaining 3,000 tablets, 
each having 150 mg in weight. 

Formulation Example 2 

25 



Compound of the present Invention 


5.0 


Lactose 


95.2 


Corn starch 


40.8 


Polyvinylpyrrolidone K25 


7.5 


Magnesium stearate 


1.5 


Hydroxypropylmethylcellulose 2910 


2.3 


Polyethylene glycol 6000 


0.4 


Titanium dioxide 


1.1 


Purified talc 


0.7 



Using a fluidized bed granulating machine, 15 g of the conpound of the present invention was mixed with 285.6 g 
45 of lactose and 122.4 g of corn starch. Separately. 22.5 g of polyvinylpynolidone was dissolved in 127.5 g of water to 
prepare a binding solution. Using a fluidized bed granulating machine, the binding solution was sprayed on the above 
mixture to give granules. A 4.5 g portion of magnesium stearate was added to the obtained granules and mixed using 
a DC type mixer. The obtained mixture was subjected to a tablet making machine equipped with a die/^unch system of 
7.5 mm in diameter, thereby obtaining 3,000 tablets, each having 150 mg in weight. 
50 Separately, a coating solution was prepared by suspending 2.3 g of hydroxypropylmethylcellulose 2910. 0.4 g of 
polyethylene glycol 6000, 1 .1 g of titanium dioxide and 0.7 g of purified talc in 24.2 g of water. Using a High Coater, the 
3.000 tablets prepared above were coated with the coating solution to give film-coated tablets, each having 154.5 mg 
in weight. 

55 Formulation Example 3 

(Liquid inhalant) 

A 10 mg portion of the compound of the present invention was dissolved in 90 ml of physiological saline, and the 
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solution was adjusted to a total volume of 100 ml with the same saline, dispensed in 1 ml portions into 1 ml capacity 
ampoules and then sterilized at 1 15^0 for 30 minutes to give liquid inhalant. 

Formulation Exanple 4 

(Powder inhalant) 



Compound of the present invention 
Lactose 


50 fig 
450 ^g 


Total 


500 ^g 



A 5 g portion of the compound of the present invention was uniformly mixed with 45 g of lactose, and a 200 mg por- 
tion of the mixture was packed in a powder inhaler for exclusive use to produce a powder inhalant (500 ^g per inhala- 
20 tion). 

Claims 



1 . A carbamate derivative represented t)y the following general formula (I), a salt thereof, a hydrate thereof or a sol- 
25 vate thereof 



30 



35 




( I ) 



wherein each symt)ol has the following meaning: 
A ring: a t)enzene ring or a pyridine ring, 

B ring: a nitrogen-containing saturated hetero-ring which may have a sutistituent on the nitrogen atom and 
40 which may have a aoss-linking. 

R^: a phenyl group which may have a substituent. a cycloalkyi or cycloalkenyl group having 3 to 8 caibon 
atoms, or a five- or six-membered nitrogen-containing heterocyclic group, 
X: a single bond or a methylene group, 

Y: a single bond, a cartx)nyl group, a methylene group which may be suk)stituted with a hydroxyl group or a 
45 group represented by the formula -S(0)/-, and 

/: an integer of 0. 1 or 2. 

2. The cart>amate derivative or a salt thereof according to claim 1. wherein the B ring Is a group represented by any 
one of the following general formulae (ila), (lib) and (lie) 

50 
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(CH2), 

(CHJ. 
(la) 




(CH*).^Z' 
(CH,). 

(lb) 



,(CHi),^ 

'(CH.). 



(CH2). 



(CHi), 



(I c ) 



wherein each symbol has the following meaning: 
Z: a group represented by 



(0), ^ ^R' 



Z*: a group represented by >N(0)q or )N*-R^ • Q", 
Q": an anion. 

R^: a hydrogen atom, a lower alkyi group, a lower alkenyl group, a lower alkynyl group, a cycloalkyl-iower alky! 
group, an aralkyi group which may have a substituent, or a lower alkyI group substituted with a heterocyclic 
group which has 1 or 2 hetero atonrts. which may have a substituent and which may be condensed. 
R^: a lower alkyI group, a lower alkenyl group, a lower alkynyl group, an aralkyi group which may have a sub- 
stituent or a lower alkyi group substituted with a heterocyclic group which has 1 or 2 hetero atoms, which may 
have a substituent and which may be condensed. 
R^: a lower alkyI group, a lower alkenyl group or a lower alkynyl group, 
R^: a lower alkyI group, a lower alkenyl group, a lower alkynyl group or an aralkyi group, 
m and n: these may be the same or different from each other and each is an integer of from 1 to 4 (with the 
proviso that m + n means an integer of from 3 to 5), 

p: an integer of from 1 to 3 (with the proviso that m + p means an integer of from 3 to 5). 
q: 0 or 1, and 

r. s and t: these may be the same or different from one another and each is an integer of from 0 to 3 (with the 
proviso that r + s + 1 means 2 or 3). 

The carbamate derivative or a salt thereof according to claim 2, wherein the B ring is a group represented by the 
general formula (lib). 

The cart^amate derivative or a salt thereof according to claim 2. wherein the B ring Is a group represented by the 
general formula (lie). 

The carbamate derivative or a salt thereof according to claim 1 or 2. wherein R^ is a phenyl group which may have 
a substituent selected from a halogen atom, a nitro group, a cyano group, a trihalogenomethyl group, an amino 
group, a mono- or di-lower alkylamino group, a hydroxyl group, a mercapto group, a lower alkyI group, a lower alke- 
nyl group, a lower alkynyl group and a lower altoxy group or a five-membered nitrogen-containing heterocyclic 
group. 

The carbamate derivative or a salt thereof according to claim 2. wherein the B ring is a group represented by the 
general formula (Ha), 

and Z is a group represented by the formula 
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w 

7. The carbamate derivative or a salt thereof according to claim 6. wherein and may be the same or different 
from each other arKi each represents a lower alkyl group. 

8. A pharmaceutical composition which comprises the cart>amate derivative of claim 1 or a pharmaceutically accept- 
75 able salt thereof as an active ingredient. 

9. A muscarinic M3 receptor antagonist, which comprises the carbamate derivative of claim 1 or a salt thereof as an 
active ingredient. 

20 10. The muscarinic M3 receptor antagonist according to claim 9. which is an agent for preventing or treating diseases 
in which the muscarinic M3 receptor is concerned, including respiratory diseases such as chronic obstructive pul- 
monary disease, chronic bronchitis, asthma and rhinitis, urinary diseases such as urinary incontinence and poliak- 
iuria in neurogenic pollakiuria, neurogenic bladder, nocturnal enur^is, unstable bladder, cystospasm and chronic 
cystitis and gastrointestinal diseases such as irritable bowel syndrome, spastic colitis and diverticulitis. 

25 

11. The muscarinic M3 receptor antagonist according to claim 10, which is an agent for preventing or treating urinary 
diseases such as urinary incontinence and pollakiuria in neurogenic pollakiuria, neurogenic bladder, nocturnal enu- 
resis, unstable bladder, cystospasm and chronic cystitis. 

30 12. The muscarinic M3 receptor antagonist according to daim 10, which Is an agent for prev^ing or treating respira- 
tory diseases such as chronic obstructive pulmonary disease, chronic bronchitis, astiima and rhinitis. 
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